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Matrix Metalloproteinase (MMP) 12 is a UVA1 specific biomarker
A Tewari,1,2 D Dafou,1 K Grys,1 R Sarkany1,2 and A Young1 1 St Johns Institute of Dermatology,
King’s College, London, United Kingdom and 2 Photodermatology, St Johns Institute of
Dermatology, St THomas’ Hospital, SE1 7HY, United Kingdom
The carcinogenic potential of UVA1(340-400nm) is increasingly recognized as evidence accumu-
lates of its ability to induce cyclobutane pyrimidine dimers(CPD) ex vivo and in vivo in humans
which if unrepaired may lead to skin cancer. Despite widespread use in phototherapy, tanning lamps
and its abundance in terrestrial UVR, we lack data on its effects on gene expression in human skin.
Using erythemally equivalent doses of UVA1 and UVB (50J/cm2 for UVA1 and 30mJ/cm2 for UVB)
~1MED (minimal erythema dose), we assessed gene expression and protein changes in 12 skin types
I/II individuals. The major upregulated pathway at 24h post UVA1 and UVB is extracellular matrix
remodeling(ECM), but key spectral differences were demonstrated by RTPCR for mRNA expres-
sion. UVB was more effective for MMP1(p=0.0062), MMP3(p=0.0016), MMP10(p=0.028). There
was no difference for MMP9 mRNA(p=0.67), MMP12 was preferentially upregulated by UVA at
6h(p=0.02). We showed that MMP12 protein is preferentially formed by UVA1 in the epidermis
(p=0.04) at 24h and its enzyme activity on DQ4 substrate is preferentially upregulated by UVA1
(p=0.027) at 10h. Although there was no significant difference between UVA1 and UVB induced
MMP1 protein levels (p=0.12) in the epidermis, there is more MMP1 induced by UVA1 at 24h in
the dermis (p=0.04). Activity on its substrate DQ1 was induced more by UVB at 24h (p=0.031).
There is more MMP protein and activity in the epidermis in all volunteers. UVA1 and UVB upreg-
ulate MMP1 which is known to be induced by CPD, ROS and via mediators such as TNFα. How-
ever UVB does not form MMP12 mRNA suggesting that it is likely formed by an alternative route
to MMP1. Our data suggest that MMP12 is a UVA1 specific epidermal biomarker and we hypoth-
esize a role for ROS, possibly via oxidative damage to DNA (8oxodG) which has recently been
shown to be important in a melanoma mouse model. This is the first study to dissect spectral dif-
ferences in ECM genes which may play an important role in photocarcinogenesis and photoageing.
1229
Astaxanthin, a xanthophyll carotenoid, inhibits ultraviolet-induced apoptosis in keratinocytes
Y Yoshihisa and T Shimizu Dermatology, University of Toyama, Toyama, Japan
Intracellular reactive nitrogen/oxygen species and apoptosis play important roles in ultraviolet (UV)-
induced inflammatory responses in the skin. Astaxanthin (AST), a xanthophyll carotenoid, is a
nutrient with unique cell membrane actions and diverse clinical benefits. We herein investigated
the effects of AST on UV-induced apoptosis and the pro-inflammation cytokine expression in HaCaT
keratinocytes. AST (5 μM) caused a significant decrease in the protein content and mRNA levels of
iNOS and COX-2, and decreased the release of prostaglandin E2 by HaCaT cells after UVB (20
mJ/cm2) or UVC (5 mJ/cm2) irradation. A marked increase in O2
- and H2O2 production was observed
in UV-treated HaCaT cells, while a decrease in O2
- and H2O2 production was not observed in AST-
treated cells. Pretreatment of the cells with AST caused a significant inhibition of UVB- and UVC-
induced apoptosis, as shown by a DNA fragmentation assay. Furthermore, we found that the treat-
ment with AST caused a reduction in the UVB or UVC-induced protein and mRNA levels of MIF,
IL-1β and TNF-α in HaCaT cells.These results suggest that AST effectively protects against UV-induced
inflammation by decreasing the iNOS and COX-2 and inhibiting the apoptosis of keratinocytes.
1231
UVA induces the aging-associated progerin through formation of oxidative damage and sub-
sequent alternative splicing of LMNA
H Takeuchi1,2 and TM Ruenger1 1 Dermatology, Boston University School of Medicine, Boston,
MA and 2 Dermatological R&D Skin Research Department, POLA Chemical Industries, Inc.,
Yokahama, Japan
Premature aging in Hutchinson Gilford progeria syndrome is caused by a mutation of the LMNA
gene that activates a cryptic splice site. This results in expression of a truncated form of Lamin A,
called progerin, and a subsequent impairment of many nuclear functions. We recently reported
that in cultured fibroblasts progerin is also induced by UVA and suggested a role of a progerin-medi-
ated decline of nuclear functions in photoaging. Our goal in this study was to elucidate the mech-
anism by which UVA induces progerin. We hypothesized that the induction of progerin by UVA is
mediated by activation of the LMNA cryptic splice site. This was confirmed by parallel quantitation
of the lamin A mRNA and the progerin mRNA following several doses of UVA, which revealed only
an induction of progerin mRNA, but no induction of lamin A mRNA. So far, alternative splicing of
other genes has been reported after exposure to UVC, but not after exposure to UVA. As we found
the induction of progerin only after exposure to UVA, but not after exposure to UVB, we hypothe-
sized that UVA-induced oxidative damage may mediate the alternative splicing of LMNA pre-mRNA.
This was confirmed by a complete inhibition of UVA-induced progerin mRNA by incubation with
the singlet oxygen-quencher sodium azide (5 mM, not toxic, no effect on baseline progerin mRNA).
The 7-base cryptic splice donor site in exon 11 of the LMNA gene contains 5 guanines. This is an
attractive site for oxidative base modification, as singlet oxygen oxidizes almost exclusively gua-
nines. We suggest that guanine oxidation on the LMNA pre-mRNA may promote splicing, e.g. by
affecting binding of spliceosome proteins to the cryptic splice donor site. This is in line with the
reactive oxygen species (ROS) hypothesis of aging, in which ROS mediate age-associated declines
of cellular functions, and may represent a novel mechanism by which UVA in particular mediates
photoaging of the skin.
1230
Characterisation of skin autofluorescence to establish its role in distinguishing between nor-
mal and diseased skin
JA Woods,1 KS Robinson,2 H Moseley,1 J Gardner1 and SH Ibbotson1 1 Photobiology Unit,
University of Dundee, Dundee, United Kingdom and 2 School of Medicine, University of
Dundee, Dundee, United Kingdom
This study was to produce high quality autofluorescence (AF) data from the skin of healthy volun-
teers. This information will support the potential use of AF in distinguishing between normal and
diseased skin. In particular, it is hoped that this technique will be applied to the non-invasive diag-
nosis and delineation of skin cancer. The AF of healthy volunteers (n=110) was determined using a
non-invasive SkinSkan fluorimeter. The effects of age, gender, skin phototype and body site on skin
AF and the degree of inter- and intra-subject variation were investigated. Total AF is composed of
multiple signals that could increase or decrease in quantum fluorescent yield. The skin-enabled
spectrofluorimeter, designed specifically to record in vivo skin surface spectra, contains double-
grating monochromators that minimise stray light, and has a bifurcated fibre optic probe designed
to isolate and collect precise spectra from scattering samples. A combination of excitation and dif-
fuse reflectance spectra were collected from 22 different body sites per individual. Additionally, a
preliminary study of AF in skin tumours (n=15) and psoriasis (n=20), was also undertaken to further
explore the potential of AF to discriminate between normal, malignant and benign hyperprolifera-
tive disease. The complete dataset showed that in general total AF tended to be relatively consis-
tent across the body sites measured, with a few exceptions (eg. buttock, face). This suggests that the
technique could be robust enough to monitor and interpret AF signals within subjects. Skin tumours
could be identified from changes in AF at all depths compared to normal skin. Conversely psoriatic
plaques were characterised by increased AF from upper layers of the skin. These data are important
if optical devices are to be effectively applied to the non-invasive diagnosis and investigation of dis-
ease states. (Preliminary data from this study were previously presented at a meeting of the British
Medical Laser Association).
1228
Keratinocyte-specific deletion in mice reveals gene dosage-dependent role for SIRT1 in UVB-
induced skin tumorigenesis
M Ming,1 K Soltani,1 CR Shea,1 X Li2 and Y He1 1 Dermatology/Medicine, University of
Chicago, Chicago, IL and 2 Laboratory of Signal Transduction, NIEHS/NIH, Research Triangle
Park, NC
The protein deacetylase SIRT1, a mammalian counterpart of the yeast silent information regulator
2 (Sir2) and a proto member of the sirtuin family, regulates various pathways in metabolism, DNA
repair, and cell survival. However, the role of SIRT1 in cancer is still under debate. Here we show
that the role of SIRT1 in skin cancer development induced by the human skin carcinogen UVB
radiation is dependent on its gene dose. Keratinocyte-specific heterozygous deletion of SIRT1 increases
UVB-induced skin tumorigenesis, whereas homozygous deletion of SIRT1 decreases skin tumori-
genesis. In mouse skin, SIRT1 is haploinsufficient for UVB-induced DNA damage repair and expres-
sion of xeroderma pigmentosum C (XPC), a protein critical for repairing UVB-induced DNA dam-
age. Similar to homozygous SIRT1 deletion, heterozygous SIRT1 deletion reduces XPC protein levels
and UVB-induced DNA damage repair. As compared with normal human skin, down-regulation of
SIRT1 is in parallel with down-regulation of XPC in human cutaneous squamous cell carcinoma at
both the protein and mRNA levels. In contrast, homozygous SIRT1 deletion in mouse skin augments
p53 acetylation and expression of its transcriptional target Noxa, and sensitizes the epidermis to
UVB-induced apoptosis in vivo, while heterozygous SIRT1 deletion has no effect. Although mice
with homozygous SIRT1 deletion do not develop tumors, these mice suffer severe solar injury. The
gene dosage-dependent function of SIRT1 in DNA repair and cell survival is consistent with the
opposing roles of SIRT1 in UVB-induced skin tumorigenesis and injury. Taken together, our results
indicate that, depending on the SIRT1 levels, SIRT1 acts as a tumor suppressor and as an oncogene,
and they suggest an essential role for SIRT1 in skin homeostasis.
1232
Prostaglandin E2-EP4 signaling mediates the development of a newly established niacin defi-
ciency-induced pellagra model
K Sugita,1,2 T Nomura,2 M Nakamura,1 Y Miyachi,2 Y Tokura3 and K Kabashima2 1 Department of
Dermatology, University of Occupational and Environmental Health, Kitakyushu, Japan, 2
Department of Dermatology, Kyoto University Graduate School of Medicine, Kyoto, Japan
and 3 Department of Dermatology, Hamamatsu University School of Medicine, Hamamatsu,
Japan
Pellagra, which is characterized by the four Ds of diarrhea, dermatitis, dementia, and death, is a
chronic wasting disorder that results from a marked cellular deficiency of niacin. Although pella-
gra continues to be a significant health issue worldwide, the molecular mechanisms underlying its
hallmark abnormalities, including photosensitivity dermatitis, are unclear. Here, we show that
enhanced photosensitivity in mice was induced by treatment with a niacin antagonist as well as
niacin-deficient diets, and that severe diarrhea with weight loss was induced by niacin deficiency,
both of which suggest that this is a good model of pellagra. Intriguingly, niacin deficiency induced
elevated expression of COX-2 and prostaglandin (PG) E syntheses (Ptges) mRNAs. The niacin defi-
ciency-induced photosensitivity was alleviated by a COX inhibitor, knockout of Ptges gene, or block-
ade of EP4 receptor signaling by a specific EP4 antagonist. In line with the above murine findings,
analysis of skin lesions in human pellagra patients confirmed the enhanced expression level of Ptges
in keratinocytes at the sun-exposed area. Taken together, these findings indicate that niacin defi-
ciency results in the development of photosensitivity in pellagra that is mediated by signaling through
EP4 in response to increased PGE production. The blockade of PGE2-EP4 signaling may be a new
strategy in the prevention and treatment of pellagra.
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Impact assessment of energy efficient lamps on individuals with lupus erythematosus versus
healthy individuals
L Fenton,1 J Ferguson,1 SH Ibbotson,1 RS Dawe,1 S Silburn2 and H Moseley1 1 Photobiology Unit,
University of Dundee, Dundee, United Kingdom and 2 Rheumatology Department, NHS
Tayside, Dundee, United Kingdom
To assess if different types of energy efficient lamps can exacerbate photosensitive lupus erythe-
matosus (LE). 10 patients with LE and 5 healthy volunteers were exposed to emissions from an energy
efficient halogen (EEH), compact fluorescent lamp (CFL) and a light emitting diode (LED) repeat-
edly on three consecutive days in order to assess skin response. The photoprovocation sites were
examined for up to 3 weeks post irradiation. Delayed skin erythema was induced by the CFL in 6
LE patients and 3 healthy subjects. The erythema induced by the CFL in 2 of the LE patients was per-
sistent for 3 weeks. One LE patient produced delayed skin erythema from the EEH emissions, all
healthy subjects had negative responses. One LE patient produced abnormal immediate erythemal
responses to all of the light sources; this patient was shown to have abnormal urticarial responses
to UVA radiation. All other LE patients and the healthy subjects produced normal responses to the
LED. This study shows that CFLs have the potential to exacerbate photosensitive LE. CFLs can also
induce erythema in healthy individuals. LEDs provide a safer alternative light source without the
UV risk.
1234
Development of an in vitro immunosuppression model
M Meloni,1 B De Servi,1 V Giannini2 and F Gasparri2 1 VitroScreen, Milano, Italy and 2 Dermo-
Cosmetic R&D, Rottapharm|Madaus, Monza, Italy
Immunosuppressive effects of ultraviolet radiation in humans include exacerbation of infectious dis-
eases, skin cancer, and skin aging. At epidermal level, UV induces the release of the immunosup-
pressive cytokine IL-10, responsible for a shift from Th-1 to Th-2 immunoresponse involving the TNF-
α. IL-12 promotes Th-1 response establishing a protective mechanism against UV induced
immunosuppression. Aim of this study was to confirm the relevance of a reconstituted human epi-
dermis (Episkin) as biological model for establishing an in vitro experimental UV induced immuno-
suppression model. A sun simulator (equipped with Xenon 1000 W, WG 320 Shott 1,3 mm, emit-
ting UVA+UVB) has been used to irradiate the epidermal surface. A transcriptional study (qRT-PCR)
based on IL-10, IL-12 and TNF-α gene expression has been performed to assess the tissue responses
to different UV doses (0,5-1-2-4 MED) and recovery times (4,6,16,24h post irradiation) monitoring
in parallel the cell viability (MTT test) and adenilate kinase release (Toxilight®). IL-10 was not sig-
nificantly expressed after shorter recovery times (4 and 6h) indicating low immunosuppressive dam-
age; in the longer recovery times (16 and 24h) IL-10 up regulation revealed a strong immunosup-
pressive pathway. IL-12 expression was not significant for all the time points suggesting no interference
in the immunosuppressive pathway and consistent with a physiological response in absence of
immunoprotective treatment. The dose 0,5 MED was insufficient to induce an immunosuppressive
mechanism. 1 MED has been selected as biological relevant and not cytotoxic after a recovery time
of 16 and 24h. It has been possible to define a final optimized protocol for the in vitro immuno-
suppression model where the TNF-α gene expression levels were consistent with a pro-inflamma-
tory mechanism, the IL-10 was up regulated and IL-12 expression was not modified. The model
represents a new approach to the keratinocyte mediated immunosuppressive damage based on the
dynamic monitoring of early genomic activation and a promising tool for active’s screening.
1235
UVR-induced DNA damage in melanocytes is dependent upon skin constitutive pigmenta-
tion
S Del Bino, J Sok and F Bernerd Research & Innovation, L’Oréal, Clichy, France
Melanin amount inversely correlates with the risk of skin cancer, including melanoma. However
data on the specific UVR impact on melanocytes in skin of different constitutive pigmentation are
scarce. The present study analyzed UVR-induced DNA damage within melanocytes from different
skin color types. Samples from skins objectively classified into Light, Intermediate, Tan, Brown and
Dark according to their Individual Typology Angle (°ITA) based on colorimetric parameters, were
exposed to increasing doses of Solar Simulated Radiation (SSR). Detection of DNA damage occur-
ring specifically in melanocytes was performed using a double staining for cyclobutane thymine
dimers (CPD), the major UVR-induced DNA photoproduct and Tyrosinase related protein 1 (TRP1),
a key enzyme in melanin synthesis. Our results showed accumulation of CPD in melanocytes
detected at the lowest dose, with a steep increase with dose, in Light, Intermediate and Tan skins.
At estimated erythematogenic equivalent doses (based on sunburn cell formation), ~ 80-100% of
melanocytes were CPD-positive in Tan to Light skin types. In contrast, in Dark and Brown skin types,
CPD were only found in ~15% of melanocytes at the highest dose. This study shows a relationship
between UVR impact on melanocytes and skin colour type, according to the °ITA value. These dif-
ferences support the superior protective role of melanin in very highly pigmented skin types where
total melanin content, especially eumelanin, is higher. Even more interestingly, our results show that
erythematogenic equivalent doses do not induce comparable DNA damage in melanocytes. Lesions
in melanocytes may explain the higher risk of lighter skin types at developing melanoma. They also
reveal that DNA of melanocytes from Tan skin, although corresponding to a pigmented phenotype,
is actually damaged by UVR. This indicates that photoprotection should not be limited to the very
light skin types, but extended to moderately pigmented skins where a prevalence of pigmentary
disorders is clinically observed.
1236
Photodynamic therapy (PDT) downregulates the function of regulatory T cells in patients with
esophageal squamous cell carcinoma
E Reginato,1 J Lindenmann,2 I Bambach,1 N Schweintzger,1 C Langner,3 F Smolle-Jüttner2 and
P Wolf1 1 Department of Dermatology, Medical University of Graz, Graz, Austria, 2 Division
of Thoracic and Hyperbaric Surgery, Medical University of Graz, Graz, Austria and 3 Institute
of Pathology, Medical University of Graz, Graz, Austria
Photodynamic therapy (PDT) consists of the administration of a photosensitizer (PS) to the patient,
followed by visible light delivery to the cancerous area. The light activation of the PS triggers a pho-
tochemical reaction that culminates in the production of highly reactive single oxygen (1O2) and
immediate cell damage. This causes apoptosis and necrosis of illuminated tumor cells, shuts down
tumor microvessels, and induces an acute inflammatory response. The reports on the effect of PDT
on immune function are controversial, depending on the type of immune response. Previous work
in experimental models has revealed that depleting regulatory T cells (Tregs) may potentiate the
efficacy of PDT. We therefore became interested to investigate the immunological changes induced
by PDT and the effect of PDT on level and function of Tregs (CD4+CD25highCD127lowFoxP3+
cells). Such an effect may be crucial in PDT-treated patients with esophageal squamous cell carci-
noma (ESCC), in whom prolonged survival has been reported after multi-treatment approaches. To
investigate the hypothesis blood was collected from patients with invasive ESCC before PDT and 7
and 14 days after treatment. Treg levels in the blood were quantified by FACS and Treg function by
co-culture proliferation assays with T effector cells (CD4+CD25lowCD127highcells). Our results
indicate that PDT significantly diminishes by approximately 50% the suppressive capacity of periph-
eral Tregs from ESCC patients whereas their Treg levels seem to be unaffected. This is important since
FoxP3 immunohistochemical staining of ESCC biopsies revealed massive infiltration by Tregs within
tumor areas, compared to healthy esophageal mucosa. A better understanding of the immunologi-
cal events linked to PDT is desirable to improve treatment strategies and the ultimate outcome in
treated patients with cancer such as ESCC.
1237
Diversity of biological alterations induced by longwave UVA (UVA1) in human reconstructed
skin
C Marionnet, F Lejeune, C Pierrard and F Bernerd Research and Innovation, L’Oréal, Clichy,
France
Solar UV exposure induces photoaging and photocarcinogenesis. Among the UV range of wave-
lengths reaching the Earth ground, longwave UVA (UVA1, 340-400nm) can represent up to 80% of
total UV. UVA1 show high penetration properties reaching the deep dermis. The negative role of
UVA1 has now been evidenced by the production of reactive oxygen species (ROS) and carcino-
genic and immunosuppressive potentials. To better characterize the biological impact of UVA1,
changes in morphological, cellular, biochemical, and gene expression were analyzed on a 3D recon-
structed skin model following UVA-1 exposure. Dose response experiments revealed that 40 J/cm2
UVA-1 could induce both epidermal and dermal alterations, with the disappearance of superficial
dermal fibroblasts and a mild alteration of epidermal differentiation within 48h. These effects could
be attributed to immediate damage such as the production of ROS. A whole genome transcrip-
tomic study performed on reconstructed skin at 6 hours following exposure to 40 J/cm2 UVA-1 using
Affymetrix microarrays showed that 461 and 480 mRNA levels were modulated in fibroblasts and
keratinocytes, respectively (fold change=1.5 and adjusted p value<0.001), with distinct responses
between fibroblasts and keratinocytes. Only 98 modulated mRNA were common to both cell
types. Bibliographic analysis related to skin and dermatology revealed that the modulated genes
encoded proteins involved in immune response, development, apoptosis, cell cycle, cancer, oxida-
tive stress response, extracellular matrix, metabolism and transport of ions and aminoacids. Affymetrix
results were validated using quantitative PCR and by detecting the corresponding secreted pro-
teins. Our results emphasized the fact that UVA-1 radiation had a real cutaneous biological impact
on gene and protein expression in both fibroblasts and keratinocytes. These results give new insights
into modifications of a large panel of biological functions affected by such exposure. They there-
fore strongly suggest the need for an adequate longwave UVA photoprotection.
1238
Actinic lentigines are characterized by a higher melanin content and a severe disorganiza-
tion of the cutaneous architecture
C Duval,1 S Nouveau,1 M Monot,1 P Bastien,1 E Warrick,1 C Chagnoleau,1 J Ortonne,2 O De
Lacharrière1 and F Bernerd1 1 Biological Research Department, L’Oréal Research & Innovation,
Clichy, France and 2 Dermatology Department, Hopital l’Archet, Nice, France
Actinic Lentigines (AL) are benign skin hyperpigmented lesions very frequently found in elderly peo-
ple on sun exposed sites. However, their aetiology and biological characteristics remain not well
defined. The present study aimed at better describing morphological and biological features of AL
expressing a similar clinical phenotype i.e. a same elongated honeycomb pattern detected by epi-
luminescence and quantified through a dedicated image analysis software. 15 Caucasian women
(51-67 yrs, phototype II to III) were included after clinical selection of AL on the dorsal side of their
hands. Two 3mm biopsies were performed on each volunteer, one corresponding to the AL lesion
and the other one at an adjacent non lesional skin area (NL). Each biopsy was processed under
classical histology (HES, Fontana Masson) and immunostaining of melanogenic markers. HES stain-
ing confirmed the high homogeneity of all lesions in term of structural organization and a drastic
deformation of dermal-epidermal junction (DEJ) associated with epidermal invaginations within
the dermal compartment. Morphometric analysis revealed in AL a significant increase in the basal
layer length and a higher undulation index, a criterion related to the deformation of the DEJ. Besides,
the melanin content was found statistically higher in AL as compared to NL. A preferential local-
ization of melanin within the epidermal basal layer was revealed. However, melanocytes were found
evenly distributed along the basement membrane, in both AL and NL, and the number of melanocytes
per length of basal layer was similar. Furthermore, the intensity of MITF and tyrosinase immunos-
tainings related to melanogenesis activity was not different. These findings indicate that both the
higher melanin content but also the disorganization of the cutaneous structures should be taken
into account in the follow-up of an efficient long term treatment of age spots.
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Deficiency in Nrf2 promotes UVA induced expression of proinflammatory mediators in PUFA
supplemented fibroblasts
F Gruber,1 C Mecking Ornelas,1 S Karner,1 VN Bochkov2 and E Tschachler1 1 Dermatology,
Medical University of Vienna, Vienna, Austria and 2 Vascular Biology and Thrombosis
Research, Medical University of Vienna, Vienna, Austria
Fish oil rich in docosahexaenoic acid (DHA) is thought to have beneficial effects on human health.
Omega-3 polyunsaturated fatty acids are precursors of eicosanoids, signalling molecules that con-
trol inflammation and immunity and their dietary uptake improves a range of disorders including
cardiovascular diseases, ulcerative colitis, rheumatoid arthritis and psoriasis. The unsaturated nature
of these fatty acids makes them however prone to oxidation. The skin is an organ strongly exposed
to oxidative stress, mainly due to solar radiation. Thus, increased levels of PUFA could also lead to
increased peroxidation of lipids including fatty acids and this can result in tissue damage. We
investigated wheter PUFA supplemented to fibroblasts are incorporated into membrane phospho-
lipids and wheter this makes the cells more susceptible to UVA stress. Further, we investigated wheter
the antioxidant response via Nrf2 is required to protect DHA supplemented cells from potentially
increased photodamage. Using a HPLC/MS/MS protocol we found that supplementation with DHA
led to a strong increase in DHA esterified phosphocholine, and consequently a strong increase in
UVA-oxidized phospholipids. In wildtype, but not Nrf2 deficient cells, DHA supplementation stronly
enhanced transcriptional upregulation of Nrf2 dependent antioxidant response genes, whereas
UV-induction of cyclooxygenase-2 and other inflammatory mediators was enhanced in the Nrf2
deficient cells. In conclusion, our data show that Nrf2 allows fibroblasts to cope with the increased
susceptibility to oxidative damage that goes in hand with PUFA supplementation.
1241
PPARγ modulation as a possible approach for counteracting photoaging process
S Briganti, E Flori, B Bellei, E Izzo and M Picardo Cutaneous Physiopatology Laboratory, IRCSS
San Gallicano Dermatology Institute, Rome, Italy
Skin ageing is associated with oxidative stress and chronic inflammation even induced by repeti-
tive UV exposure. In the presence of a prolonged condition of oxidative stress, the nuclear recep-
tor PPARγ may be one of the first responders directly inducing several antioxidant molecules and
inhibiting pro-oxidants and inflammation mediators. Preliminary data suggested PPARγdamage as
an early event associated to the activation of senescence-like phenotype in a stress-induced pre-
mature cell senescence (SIPS) model based on single exposure of human dermal fibroblasts (HDFs)
to UVA and 8-methoxypsoralen (PUVA). To investigate if PPARγ modulation can represent a good
strategy to counteract photoaging, we evaluated the possible interference towards PUVA-SIPS of
2,4,6-octatrienoic acid (Octa), a parrodiene derivative able to modulate PPARγ. However Octa
shares some structural features with carotenoids, natural precursors of retinoids, it is a weak acti-
vator of the specific retinoid receptor ad its signalling pathway, whereas it effectively activates PPARγ
in basal conditions and reduced PUVA-induced damage on this receptor. PUVA-treated HDFs grown
in the presence of Octa maintained their morphology, and reduced senescence molecular markers,
such as MMP-1 release and SA-β-galactosidase expression. The mechanisms by which Octa exerts
its “anti-aging” effect is not exclusively linked to a reduction of PUVA-induced reactive oxygen
species, but involves a protection of mitochondria structure, a synergistic up-modulation of differ-
ent components of cell antioxidant network, such as catalase or reduced glutathione, a reduction
of p21 expression, a preservation of cell membrane lipids such as phospholipids, or cholesterol.
These data showed that PPARγ modulation plays a key role in the activation of antioxidant response
and in the counteraction of senescence-like phenotype. Octa-induced promotion of PPARγ provides
relevant insights into its mechanism of action as anti-senescence agent.
1243
Prostaglandin E2 promotes UV radiation-induced immune suppression via DNA hyperme-
thylation
SK Katiyar1,2 and R Prasad1 1 Dermatology, University of Alabama at Birmingham,
Birmingham, AL and 2 Birmingham VA Medical Center, Birmingham, AL
UV-induced immunosuppression has been implicated in the risk of skin cancers. We have explored
the role of epigenetic regulators in UV-induced immunosuppression. We have found that UV-induced
suppression of contact hypersensitivity (CHS) response in C3H/HeN mice was associated with the
enhancement in the levels of cyclooxygenase-2 (COX-2) and prostaglandin (PG) E2. Topical treat-
ment of mice with celecoxib or indomethacin, inhibitors of COX-2, or AH6809, an antagonist of
PGE2, inhibits UV radiation-induced suppression of CHS. COX-2-deficient mice were resistant to
UV-induced suppression of CHS response to a contact sensitizer, 2,4-dinitrofluorobenzene. Expo-
sure of C3H/HeN mice with UV radiation (150 mJ/cm2) for 4 consecutive days resulted in DNA
hypermethylation, increased DNA methyltransferase (Dnmt) activity, and elevated levels of Dnmt1,
Dnmt3a and Dnmt3b in epidermal skin samples, while treatment of mice with PGE2 antagonist or
indomethacin before and during UVB exposure down-regulated the levels of DNA methylation as
well as Dnmt activity compared to the mice which were not treated with PGE2 antagonist or
indomethacin. Treatment of UV exposed COX-2-deficient mice with PGE2 results in UV-induced
suppression of CHS, increase in DNA methylation, Dnmt activity and the levels of Dnmt1, Dnmt3a
and Dnmt3b were elevated in the skin. Treatment of C3H/HeN mice with 5-aza-2’-deoxycytidine
(5-aza-dc, i.p.), a DNA demethylating agent, 1 h before each exposure of UV irradiation resulted
in inhibition of UV-induced suppression of CHS which was associated with the reduction in Dnmt
activity, global DNA methylation and reduced levels of Dnmt1, Dnmt3a and Dnmt3b proteins com-
pared to the mice which were not treated with 5-aza-dc but exposed to UV. Further, treatment of
5-aza-dc reversed the effect of PGE2 on UV-induced suppression of CHS response in COX-2-defi-
cient mice. These findings uncover a previously unrecognized role of PGE2 in UV-induced sup-
pression of CHS and that is mediated through epigenetic mechanism involving DNA methylation.
1242
Evaluation of the protective efficacy of a new sunscreen formulation against solar radiation-
induced DNA damage and apoptosis in a reconstructed human epidermis
D Bacqueville,1 L Duprat,1 T Douki,2 H Dromigny,1 B Guiraud,1 S Bessou-Touya1 and H Duplan1
1 Dermo-cosmetic department, Pierre Fabre R&D center, Toulouse, France and 2 Nucleic acid
lesion laboratory, Atomic Energy and Alternative Energies Commission, Grenoble, France
Sunscreens are becoming widely used to prevent sunburn from excessive ultraviolet exposure (UV)
around the world. Their photoprotective efficacy in both the UVA and UVB ranges is provided by
a combination of specific sunfilters allowing a high sun protection factor (SPF50+). Today, we have
developed an alternative photoprotective system without titanium dioxide and octocrylene. The aim
of this study was to evaluate the efficacy of this SPF50+ formulation in an epidermal skin model
exposed to an acute solar-simulated radiation (SSR). SSR induced significant tissue damage 24h after
irradiation at a dose of 16.5 J/cm2 as assessed by tetrazolium salt reduction assay. Loss of skin via-
bility was associated to apoptosis in the epidermis since a strong activity of the caspase-3 protease
was recovered in the culture medium of the irradiated skin. Moreover, liquid chromatography/mass
spectrometry analysis revealed that tissue damage is associated to the generation of cyclobutane
pyrimidine dimers (CPD) and that the DNA lesion intensity depends on the nucleotide sequence
(TT>TC>CT>CC). None of the above cellular responses was observed in non-irradiated epidermis.
The topical application of the broad-spectrum UVB+A sunscreen at a dose of 2 mg/cm2 1 hour
before SSR exposure afforded an almost complete photoprotection. Thus, the titanium dioxide and
octocrylene-free formulation efficiently protected the epidermis against SSR-induced photodam-
age and apoptosis. Finally, this alternative photoprotective system may be useful for the develop-
ment of new suncare products.
1240
Ceramides (Cer) developed for topical application do not further increase UVB-induced cas-
pase 3 activity (Casp3 act) in basal and differentiating human keratinocytes (NHEK) in vitro
S Grether-Beck,1 I Felsner,1 M Farwick,2 T Koehler,2 P Lersch,2 AV Rawlings3 and J Krutmann1 1
IUF-Leibniz Research Institute for Environmental Medicine, Düsseldorf, Germany, 2 Evonik
Goldschmidt GmbH, Essen, Germany and 3 AVR Consulting Ltd, Northwich, Cheshire, United
Kingdom
Sphingolipids and their metabolites play key cellular roles as structural components of membranes
and as signalling molecules mediating responses to physiologic cues and stresses. In skin Cer are
the major lipid constituent of lamellar sheets present in the intercellular spaces of the stratum corneum
(SC) and contribute thereby to the barrier properties of the epidermis. Therefore Cer and Cer ana-
logues have been studied for their SC barrier enhancing and water-holding properties for nearly 3
decades. Previous in vitro studies indicate cytotoxic potential for cell permeable Cer as compared
to barrier Cer and hence the question arises whether topical application of Cer might contribute to
UVB-induced apoptosis. To address this issue topically applied Cer such as phytosphingosine (PS),
N-acetylphytosphingosine (C2PS), N-hexanoylphytosphingosine (C6PS) and ceramide III were
assessed for their ability to affect viability in NHEK. For further studies doses not affecting viability
were chosen to determine Casp3 act as marker of early apoptosis in NHEK. In addition these doses
were also used to co-stimulate with low (160J/m2) or high (600J/m2) UVB doses in subconfluent
basal and confluent differentiating NHEK. Cer in a dose range from 0.25 to 5μM did not affect Casp3
act after 16 or 24h significantly. In basal NHEK only high doses of UVB significantly increased Casp3
act after 16 and 24h. The applied Cer were not able to further enhance Casp3 act at both time points.
In differentiating NHEK both UVB doses significantly boosted Casp3 act after 24h. Again, co-stim-
ulation with Cer did not further increase Casp3 act at both time points and both UVB doses. These
studies indicate that the Cer assessed do not contribute to UVB-induced apoptosis in vitro and
thereby corroborate the in vivo observation that their topical application on human skin is safe.
1244
Excimer lamp irradiation induces reduction of intraepidermal nerve fibre: Implications for
possible application to intractable pruritus
A Kamo,1 M Tominaga,1 Y Kamata1 and K Takamori1,2 1 Institute for Environmental and Gender
Specific Medicine, Juntendo University, Urayasu, Japan and 2 Department of Dermatology,
Juntendo University Urayasu Hospital, Urayasu, Japan
Epidermal hyperinnervation is considered to be a cause of intractable pruritus, suggesting that the
lesioned skin is susceptible to stimulation and sensitive to itch. Axon guidance molecules pro-
duced by keratinocytes are thought to regulate epidermal nerve density. We previously demonstrated
that acetone-induced epidermal hyperinnervation is significantly ameliorated by UV-based thera-
pies such as PUVA and NB-UVB, accompanied by normalization of abnormal expression of epi-
dermal axon guidance molecules. In contrast, excimer lamp irradiation robustly inhibited epider-
mal hyperinnervation without affecting the expression of axon guidance molecules. Here, we
examined the effects of excimer lamp on nerve fibres using a culture system with rat dorsal root
ganglion (DRG) cells and mouse model of dry skin which show epidermal hyperinnervation. In our
in vitro assay, markers of degenerating nerve fibres, such as increase of blebs and reduction of
Nmnat2 expression, were observed in nerve fibres of DRG neurons by 120 h after 100 mJ/cm2 radi-
ation and 48 h after 250 mJ/cm2 irradiation, respectively. Although a cut-off filter to block cytoxic
wavelengths <297 nm lowered this effect, nerve fibres were significantly degenerated compared
with controls. Moreover, we considered the risk of photocarcinogenesis at the same dose of excimer
lamp which has an inhibitory effect on intraepidermal nerve fibres. The 250 mJ/cm2 irradiation
decreased intraepidermal nerve density in mouse model dry skin regardless of cut-off filter. A sig-
nificant decrease of cyclobutane pyrimidine dimer (CPD) production, an index of photocarcino-
genesis, was observed in the 250 mJ/cm2 group with cut-off filter. These findings may inform the
therapeutic effectiveness and safety of treatment by excimer lamp with cut-off filter for skin dis-
eases with intractable pruritus.
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Antagonizing effects and mechanisms of afzelin against UVB-induced cell damage
S Shin,1 E Jung,1 S Kim,1 J Lee2 and D Park1 1 Efficacy Research Team, Biospectrum, Inc,
Seoungnam, Republic of Korea and 2 Department of Dermatological Health Management,
Eulji University, Seungnam, Republic of Korea
Ultraviolet (UV) radiation induces DNA damage, oxidative stress, and inflammatory processes in
human keratinocytes, resulting in skin inflammation, photoaging, and photocarcinogenesis. Ade-
quate protection of skin against the harmful effects of UV irradiation is essential. Therefore, in this
study, we investigated the protective effects of afzelin, one of the flavonoids, against UV irradiation
in human keratinocytes and epidermal equivalent models. Spectrophotometric measurements
revealed that the afzelin extinction maxima were in the UVB and UVA range, and UV transmission
below 376 nm was < 10%. Afzelin inhibited UVB-induced cell death in human keratinocytes by
inhibiting intrinsic apoptotic signaling. Afzelin also inhibited the UVB-mediated increase in lipid
peroxidation and the formation of cyclobutane pyrimidine dimers. Furthermore, afzelin showed
inhibitory effects on UVB-induced release of pro-inflammatory mediators such as interleukin-6,
tumor necrosis factor-α, and prostaglandin-E2 in human keratinocytes by interfering with the p38
kinase pathway. Using an epidermal equivalent model exposed to UVB radiation, anti-apoptotic
activity of afzelin was also confirmed together with a photoprotective effect at the morphological
level. Taken together, our results suggest that afzelin may protect human skin from UVB-induced
damage by a combination of UV-absorbing, DNA-protective, antioxidant, and anti-inflammatory
properties.
1246
Yellow light (590nm) photomodulation reduces UVA-induced metalloproteinase-1 expres-
sion
H Yu1 and C Lan1,2 1 Department of Dermatology, Kaohsiung Medical University, Kaohsiung,
Taiwan and 2 Department of Dermatology, Kaohsiung Municipal Ta-Tung Hospital,Kaohsiung
Medical University, Kaohsiung, Taiwan
Lights at visible spectrums have been associated with anti-inflammatory and anti-aging effects. Pre-
viously, we showed that visible light elicited mitochondrial retrograde signaling in irradiated cells.
In this study, we focused on elucidating the mechanisms involved in anti-aging effects associated
with yellow (590nm) light. Ultraviolet A (UVA) radiation is the most important environmental fac-
tor associated with exogenous aging via induction of reactive oxygen species (ROS). Pretreating
fibroblasts with 590nm light attenuated the UVA-induced expressions of reactive oxygen species
(ROS), phosphorylated Jun N-terminal kinases, phosphorylated Signal Transducer and Activator of
Transcription-1, and matrix metalloproteinase-1 (MMP-1). Pretreating with antioxidant n-acetyl-
cystine produced similar effects. The level of peroxisome proliferators-activated receptor γ coacti-
vator-1α (PGC-1α) was significantly increased after 590nm light treatment in parallel with enhanced
manganese superoxide dismutase (MnSOD) and catalase expressions. Gene silencing of PGC-1α
significantly abrogated the effect of 590nm light on antioxidant enzyme expressions as well as UVA-
induced ROS and MMP-1 expressions. In summary, these results indicated that 590nm light is able
to attenuate UVA-induced ROS and MMP-1 expressions via enhancing the expressions of antioxi-
dant enzymes in a PGC-1α-dependent manner and provided a theoretical basis explaining the
therapeutic effects of visible light on reducing sun-associated aging.
1247
UVA lowers blood pressure and vasodilates the systemic arterial vasculature by mobilisation
of cutaneous nitric oxide stores
D Liu,1 BO Fernandez,3 NN Lang,2 JM Gallagher,4 DE Newby,2 M Feelisch3 and RB Weller1,5 1
Dermatology, University of Edinburgh, Edinburgh, United Kingdom, 2 Cardiology, University
of Edinburgh, Edinburgh, United Kingdom, 3 Medicine, University of Southampton,
Southampton, United Kingdom, 4 Leithmount Surgery, Edinburgh, United Kingdom and 5
Centre for Inflammation Research, University of Edinburgh, Edinburgh, United Kingdom
The incidence of hypertension and cardiovascular disease (CVD) correlates with latitude and rises
in winter. Population vitamin D levels inversely correlate with CVD, but oral supplementation does
not alter CVD rates. Skin contains large stores of nitrite(NO2) and nitrate(NO3). Nitrate is biologi-
cally inert, but can be photo-reduced to active NO2 and nitric oxide (NO). The dermal vasculature
enables rapid systemic dispersal of NO2 and NO.We hypothesised that ultraviolet A (UVA) mobilises
NO bioactivity from skin to circulation to exert beneficial cardiovascular effects. Vit’ D is a marker
for sunlight exposure. 24 healthy volunteers were sham (temp’ control) irradiated then actively irra-
diated with 20 J/cm2 UVA. Mean arterial pressure (MAP) fell and heart rate rose during active but
not sham irrad’n (3.50±0.73 mmHg vs 2.80±0.98). The MAP fall was sustained for 50 mins in the
active group only. Temperature rise was the same in both groups. Circulatory nitrite rose (0.50±0.04
μM to 0.72±0.04 μM p<0.001) and nitrate fell (11.79± 0.64 μM to 8.99±0.40 μM (p<0.001)) dur-
ing active, but not sham irradiation. There was no change in circulating vitamin D levels. 12 vol-
unteers had forearm blood flow (FBF) measured by venous plethysmography while 8 μmol/min of
the NOS antagonist L-NMMA was infused to the brachial artery. FBF rose during active but not sham
irradiation (23.7±6.5 % over baseline vs no change p<.0002). Physiological levels of UVA irradia-
tion cause systemic vasodilation and lower BP in a vitamin D and NOS independent manner. Deaths
from CVD and stroke are 60 to 100 times higher than from skin cancers in northern Europe. This
study provides a mechanistic explanation for the inverse correlation between sunlight exposure
and CVD mortality. Sunlight has beneficial effects independently of vitamin D synthesis.
1248
Protective effect of tioproline and its enhancement by other active ingredients on UV-induced
skin cells damage
R Debowska,1 M Pasikowska,1 K Bazela,1 K Zawada,2 B Tyszczuk1 and I Eris1 1 Cosmetic
Laboratories Dr Irena Eris, Centre for Science and Research Dr Irena Eris, Warsaw, Poland and
2 Department of Physical Chemistry, Faculty of Pharmacy, Medical University of Warsaw,
Warsaw, Poland
Skin, the outermost barrier of the body, has to cope with all kinds of environmental stress and phys-
ical insults. One major external factor is ultraviolet radiation. The negative effects of unprotected
skin exposure to UV can be seen in cutaneous modifications causing collagen fibers alterations,
pigmentation disorders, various types of dermatosis and skin cancer. These modifications are in
part due to the generation of ROS within tissues. Many active cosmetic ingredients are now avail-
able to prevent and counteract the effects of UV rays on skin cells. Present study was aimed to eval-
uate in vitro protective effects of three antioxidant complexes comprised of tioproline and one of
compounds exhibiting antioxidant properties like flavonoids RA or S2 and amino acid TioT. Tio-
proline, known as anti-aging diet supplement, has lipotropic effects and protects heart, liver and
kidney against fat accumulation. It seems to be interesting to check if combining tioproline with
other compounds in complexes gives a synergistic effect on skin cells UV-protection. MTT in vitro
study showed that all three complexes enhanced keratinocytes viability after UVB exposure. More-
over DPPH assay reveled that all the mixtures demonstrate excellent free radical scavenging prop-
erties. In addition to this, complex containing tioproline and amino acid TioT exhibit the highest
antioxidant effect among all investigated complexes. Effective protection of the skin against UV
rays is a major instrument in preserving the youthfulness of the skin. This results showed that tio-
proline in a complex with other antioxidant molecules seems to be promising for creating modern
anti-aging cosmetics and skin care products.
1249
Ultraviolet B irradiation increases phosphorylation of ribosomal protein S6 in human skin
N Yager and E Healy Dermatopharmacology, University of Southampton, Southampton,
United Kingdom
Repeated exposure to ultraviolet (UV) radiation leads to skin cancer development, however, in order
to minimise consequences from UV, irradiated cells employ temporary protective mechanisms,
including suppression of global protein synthesis and cell proliferation, while DNA damage is being
repaired. Further understanding of the changes that occur within cell signalling pathways follow-
ing UV may provide new insight into skin carcinogenesis and lead to better prevention strategies.
The ribosomal protein S6 (rpS6) can be phosphorylated and activated by p70 S6 kinase via the
PI3K/Akt pathway or by p90 rsk via the Raf/MEK/ERK pathway, both of which have been reported
to be activated by UV. In this study, we investigated whether rpS6 becomes phosphorylated fol-
lowing UV irradiation. Human participants (n=7) were exposed to 200 mJ/cm2 UVB radiation (TL12
lamp) and biopsies taken from irradiated and unirradiated skin at 24 hours. Immunohistochemical
staining / image analysis showed that UVB increased the mean percentage of epidermal nuclei
positive for cyclobutane pyrimidine dimers by 72.2% and for p53 by 54.8% compared to unirradi-
ated skin (p=0.0002 and p<0.0001 respectively). Immunofluorescence staining for phosphorylation
of rpS6 at Ser235/236 demonstrated strong phosphorylation throughout the entire epidermis fol-
lowing UVB in all cases but much weaker phosphorylation, concentrated mainly in the upper lay-
ers of the epidermis, in unirradiated skin. There were minimal differences between irradiated and
unirradiated skin in terms of phosphorylation of Akt at Ser473 or Thr308, and phosphorylation of
p44/42 MAPK at Thr202/Tyr204 at this timepoint. Thus, although the PI3K/Akt and Raf/MEK/ERK
pathways temporarily activate p70 S6 kinase and p90 rsk respectively within minutes to hours after
UV irradiation, rpS6 remains phosphorylated throughout the epidermis for at least 24 hours post
UV. As rpS6 functions in protein synthesis and cell growth, this prolonged increase in rpS6 phos-
phorylation may play a role in the repression of global protein synthesis and cell proliferation in
human skin following UV exposure.
1250
Ultraviolet B (UVB) radiation activates systemic hypothalamus-pituitary-adrenal (HPA) axis
expression in C57BL/6 mice
C Skobowiat,1 R Nejati,1 J Bauman,1 Z Cooke1 and A Slominski1,2 1 Pathology and Laboratory
Medicine, University of Tennessee Heath Science Center, Memphis, TN and 2 Medicine,
University of Tennessee Heath Science Center, Memphis, TN
The purpose of this project was to evaluate a role of UVB radiation in regulation of global home-
ostasis that is separate from the production of vitamin D3. Specifically, we tested the hypothesis
that exposure of the skin to UVB will activate central HPA axis. The back skin of C57BL/6 female,
8 weeks old mice was shaved and isoflurane anesthesia was applied. The mice with eyes covered
by aluminum foil were irradiated with 400 mJ/cm2 of UVB applied on shaved skin. After 12 and 24
h the mice were killed by cervical dislocation and plasma, skin, brain and adrenals were collected
and extracted for RNA, proteins, peptides and steroids or fixed for immunohistochemistry (IHC).
Levels of corticotropin-releasing hormone (CRH), urocortin (URO), β-endorphin (β-END), adreno-
corticotropin (ACTH) and corticosterone (CORT) were measured by ELISA with precursor proteins
detection by Western Blot (WB) and gene expression assessment by real-time PCR. IHC was used
to evaluate in situ expression of corresponding antigens. UVB stimulated plasma levels of CRH,
URO, β-END, ACTH and CORT. Furthermore, UVB irradiated skin expressed higher levels of URO,β-
END and CORT both on gene and protein/peptide levels. UVB also increased CRH expression in
paraventricular nucleus of hypothalamus as evaluated by IHC. In adrenal glands increased expres-
sion of mRNAs coding melanocortin receptor 2 (Mc2R) as well as of crucial regulators of steroido-
genesis such as Star and Cyp11b1 was seen after skin exposure to UVB. In conclusion, UVB radi-
ation stimulates systemic HPA axis activity leading to increased concentrations of plasma levels of
immunosuppressive CORT. The phenotypic consequences of increased levels of URO, CRH and β-
END peptides remain to be determined.
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The alpha adrenergic receptor agonist oxymetazoline decreases erythema and inflammation
in a UVB-induced sunburn model
M Tian, E Hsia, L Andrews-Jones, K Manley, K Azartash, C Cheevers and D Gil Allergan, Irvine,
CA
The alpha adrenergic receptor agonists oxymetazoline (OXY) and brimonidine (BRI) are currently
in clinical development as promising new therapies for the treatment of erythematous rosacea, which
is characterized by erythema and chronic inflammation. The alpha agonists reduce erythema through
vasoconstriction of cutaneous blood vessels, but their effects on inflammation are not well-studied.
Using a mouse model of UVB-induced skin inflammation, we tested alpha agonist effects on vasodi-
lation, erythema, tactile hypersensitivity and inflammation. SKH1 hairless mice were exposed on
their right sides to UVB at an intensity of 120 mJ/cm2 for 91 sec. Twenty minutes following irradi-
ation, 0.5% OXY or 1% BRI were applied topically to 1 cm2 regions of the back and the dorsal sur-
face of the ears. The following assessments were made: 1) Erythema on the back using a chromameter;
2) Tactile hypersensitivity to light stroking of the back with a paint brush; 3) Ear vasculature area
using image analysis; and 4) Inflammation by histology. UVB exposure resulted in a 28% increase
in erythema on the back. OXY, compared with vehicle, inhibited the erythema at 2 hr (p< 0.001),
partially at 4 hr (p= 0.078) and 48 hr (p= 0.028) post-UVB irradiation. BRI inhibited the erythema
at 2 hrs (p= 0.013), but not at 4 and 48 hrs post-UVB. Tactile hypersensitivity at 4 hrs post-UVB was
reduced by OXY (p= 0.043), but not BRI. UVB exposure also induced vasodilation of the ear vas-
culature. OXY inhibited the vasodilation at 4 hrs (p<0.001) and partially at 48 hrs (p= 0.066) post-
UVB, but BRI inhibited vasodilation only at 4 hrs (p= 0.010). The effects of a single topical dose of
OXY at 48 hrs post-UVB led us to assess its effect on inflammation. There was a reduction in inflam-
matory cell infiltration and edema with OXY treatment compared to vehicle. Taken together, these
data suggest that OXY has vasoconstrictive and anti-inflammatory properties, both of which would
be desirable for the treatment of rosacea.
1253
Curcumin analoge GO-Y030 inhibits UV induced inflammation and carcinogenesis
C Miyake,1 F Yamazaki,1 W Inoue,1 M Osawa,1 H Tanimura,1 S Oe,1 K Mizuno,1 H Shibata,2
Y Iwabuchi,3 H Matsunaka4 and H Okamoto1 1 Dermatology, Kansai Medical Unversity, Osaka,
Japan, 2 Clinical Oncology, Akita University, Akita, Japan, 3 Organic Chemistry, Laboratory of
Synthetic Chemistry, Tohoku University, Sendai, Japan and 4 Tokiwa Pharmaceutical Co Ltd,
Tokyo, Japan
Curcumin, a dietary constituent extracted from turmeric, has a very reasonable tumor suppressive
ability including UV radiation, although the mechanism of carcinogenesis inhibition is unknown.
The newly synthesized curcumin analog, GO-Y030, showed a 30-fold greater growth suppression
of tumors in vitro. We compared the effects of curcumin and GO-Y030 on UV-induced inflamma-
tion and carcinogenesis. Since curcmin had a physical sunscreen effect, both agents were applied
after UV radiation. HR-1 hairless mice were treated with 1% GO-Y030 or 1% curcumin immedi-
ately after 600 mJ/cm2 of UVB radiation. Ear thickness was measured before and 1, 2, 3, 4 days
after radiation for estimation of inflammatory reaction. Mice were also exposed to UVB radiation
3 times a week for 10 weeks for estimation of UV carcinogenesis. HR-1 mice treated with GO-
Y030 after UVB radiation showed less ear swelling (25.55mm±0.34mm) than non-treated mice
(21.25mm±0.64mm). Although there was no difference in the number of tumors between GO-Y030
treated, UV-irradiated mice and curcmin-treated UV-irradiated mice, HR-1 mice treated with GO-
Y030 after UVB radiation showed less tumor size (24.5cm2±21.9cm2) than curcmin-treated mice
(194.5cm2±337.9cm2) and non-treated mice (271.3cm2±420.0cm2). These data indicate that
GO-Y030 inhibits UV-induced inflammation and carcinogenesis more effectively than curcumin.
1255
Repetitive irradiation of infrared-A does not promote ultraviolet induced skin tumor forma-
tion in black, yellow, and white K14-SCF mice
S Okazaki, Y Funasaka, S Oyama and S Kawana dermatology, Nippon Medical School, Tokyo,
Japan
Infrared radiation (IR) is increasingly used for treatment of photoaged skin. Recently, IR-A is reported
to confer resistance to UVB-induced apoptosis as well as modify stress signaling. To know the over-
all effect of IR-A on photocarcinogenesis, in vivo carcinogenesis studies are required. As melanin
can be one of the chromophores of IR-A, we generated hairless mice which harbor epidermal
melanocytes producing only eumelanin (BHSCF mice) or pheomelanin (YHSCF mice), as well as
no melanin (WHSCF mice) by back-crossing the K14-SCF mice, recessive yellow mice, and albino
mice. After repetitive irradiation of UVB at doses of 5.0 J/cm2 on BHSCF mice, 0.5J/cm2 on YHSCF
mice, and 0.3 J/cm2 on WHSCF mice three times a week for 14 weeks, irradiation of IR-A at doses
of 0.36 J/cm2 or 0.135J/cm2 three times a week for 18 weeks were done. Latency period, multi-
plicity of tumor, or tumor incidence was not significantly affected by IR-A irradiation. Furthermore,
repetitive IR-A irradiation without pre-UVB irradiation for 12 months did not induce tumor forma-
tion. To know the effect of IR-A on melanin containing skin in molecular level, single irradiation of
IR-A and UVB was done. Pre-irradiation of IR-A at doses of 0.72J/cm2, 0.36J/cm2, and 0.135J/cm2
three hours before UVB irradiation accelerated removal of CPDs in BHSCF mice but not in YHSCF
and WHSCF mice. UVB-induced apoptotic changes were shown to be increased in the order of
BHSCF (five fold), YHSCF (four-fold), and WHSCF (1.2-fold) by pre-irradiation of IR-A in TUNEL
staining, although UVB-induced downregulation of mRNA expression of antiapoptotic molecules,
FLIPL and BCL-XL was prevented by pre-irradiation of IR-A. These results indicate that repetitive IR-
A irradiation does not promote UVB induced skin tumor formation via no enhancement of retain-
ing of CPDs but enhancement of apoptotic changes. Furthermore, as eu- and pheo-melanin enhanced
apoptotic changes, it was suggested that IR-A induced apoptosis pathway might involve photo-
chemical reaction between IR-A and melanin.
1254
Adult onset Cockayne syndrome appears in two cases of UV sensitive syndrome with C229T
CSB mutation
S Moriwaki,1 E Makinodan,1 Y Nakazawa2 and T Ogi2 1 Dermatology, Osaka Medical College,
Takatsuki, Japan and 2 Molecular Medicine, Atomic Bomb Disease Institute, Nagasaki
University School of Medicine, Nagasaki, Japan
UV sensitive syndrome (UVSS) is a rare, newly-identified photosensitive genetic disease character-
ized only by mild freckles and defective transcription-coupled nucleotide excision repair (TC-
NER). Cockayne syndrome (CS) is another genodermatosis with sun sensitivity and defective TC-
NER, caused by mutations in CSA or CSB. Clinical manifestations of CS including severe
neurological/developmental abnormalities and premature aging usually appear in childhood with
unfavorable prognosis. Mutations in CSA, CSB and newly-identified UVSSA genes are responsible
for the onset of UVSS; however it is not clear why UVSS cases have only mild cutaneous symptoms,
though these 3 genes play important roles in transcripition. Here we report two adult UVSS patients
with late onset CS-like neurological abnormalities. Case 1 (TMOK) is a 40 year-old female with mild
freckles and she noticed ataxia, dementia and hearing loss since she was 39. Case 2 (EIIS) had
come to our hospital at the age of 61 complaining of sun sensitivity, mild freckles and actinic ker-
atosis and subsequently ataxia and dementia appeared at the age of 63. Both patients revealed
intracranial calcification and brain atrophy. Cultured cells from these patients are hypersensitive to
UV with normal post-UV unscheduled DNA synthesis and decreased post-UV RNA synthesis. The
impaired host cell reactivation was corrected by expression of wild type CSB and genetic analysis
showed heterozygous C229T/3540delG and homozygous C229T in CSB gene in TMOK and EIIS,
respectively, resulting in complete absence of CSB protein. Interestingly, C229T (R77X) in CSB was
previously reported in UVSS patients; UVSS 1KO (33-years-old male) and CS3AM (13-year-old
boy) without neurological abnormalities or skin tumors. Our findings suggest that UVSS is a late
onset CS and patients with UVSS should have neurological abnormalities as in CS and UV-induced
skin cancers as in xeroderma pigmentosum in adulthood.
1252
Induction of apoptosis by photodynamic therapy using an aluminium-substituted phthalo-
cyanine
M Tampa, C Matei and S Georgescu Dermatology, “Carol Davila” University of Medicine and
Pharmacy, Bucharest, Romania
Photodynamic therapy (PDT) has recently gained an increasing use in a broad range of applications
in oncologic dermatology. PDT requires a chemical compound able to act as a photosensitizer, usu-
ally a porphyrin or a phthalocyanine derivative wth a pyrrole-related structure, and the use of a
light source of a particular wavelength, suitable for activating the photosensitizer. The effects of
PDT are achieved by increasing the oxidative stress and by the induction of apoptosis within the
tumoral cells. We aimed to assess the way in which PDT employing Aluminium-di-sulphonated
phthalocyanine (AlS2Pc) as a photosensitizer leads to the activation the signaling pathways involved
in the induction of apoptosis in dysplastic oral keratinocytes. Dysplastic oral keratinocytes (DOK)
from standardised cell line, cultured in DMEM medium with glutamine (2mM), fetal bovine serum
(10%) and hydrocortisone (5μg/ml) were incubated (37°C, 5% CO2) with AlS2Pc in a concentra-
tion of 4 micrograms/mL for 24 hrs and subsequently irradiated with He-Ne laser at 632.8 nm. The
cells were harvested, washed and lysed; the proteins were extracted, biotinylated and conjugated
with an array of standardised well-characterised antibodies covalently immobilized on glass slides
in a commercial protein microarray kit, designed to specifically bind to and detect by fluorescence
up to 155 proteins involved in the regulation of apoptosis; slides were read using a microarray flu-
orescent scanner 532 nm, establishing a protein expression profiling. Expression of Apoptosis Sig-
nal-regulation Kinase-1 (ASK1), Signal transducer and activator of transcription-1 (STAT1), of proapop-
totic Bcl-2 family members and caspases were increased, suggestive for the activation of apoptosis
on both intrinsic and extrinsic pathways. PDT with AlS2Pc can lead to apoptosis in DOK cells by
activating proapoptotic signaling on both pathways. The results establish a theoretical basis for the
effects of PDT using AlS2Pc on tumoral cells.
1256
Study of photodynamic therapy using intraperitoneal injection of 5-ALA for MRSA infected
cutaneous ulcer
K Morimoto,1 T Ozawa,1 M Shirakawa,1 K Awazu,3 H Kobayashi,2 D Tsuruta2 and M Ishii1,2 1
Plastic and Reconstructive Surgery, Osaka City University, Graduate School of Medicine,
Osaka, Japan, 2 Dermatology, Osaka City University, Graduate School of Medicine, Osaka,
Japan and 3 Medical Beam Physics Laboratory, Osaka University, Graduate School of
Engineering, Suita, Japan
Photodynamic therapy (PDT) is thought to cause bactericidal action by the cytocidal effect of sin-
glet oxygen and inhibit thymidine synthesis in cellular DNA by a porphyrin derivative. PDT has a
low possibility of antibiotic-resistant bacteria appearing, and has attracted attention as a new treat-
ment for bacterial infectious diseases. We would like to report the significant promotion of wound
healing due to PDT using an intraperitoneal injection of 5-aminolevulinic acid (5-ALA) for an MRSA
infectious cutaneous ulcer which was prepared on the back of a mouse. In this PDT experiment, 5-
ALA was used as the photosensitizer and LED with a wavelength 410 nm as the light source. First,
in vitro MRSA bacteria count was 1/105 when PDT was performed with an ALA concentration of
1.9 mM, and irradiation output of 50 J/cm2. Next, after a 6 mm full-thickness skin defect injury was
created on the back of a mouse with diabetes. An ulcer model was prepared by sewing a silicone
ring around the injury and attaching MRSA. This model was divided into four groups- Group 1 with
an ALA concentration of 50 mg/kg and irradiation of 10 J/cm2, Group 2 with an ALA concentration
of 50 mg/kg and irradiation of 50 J/cm2, Group 3 with an ALA concentration of 200 mg/kg and irra-
diation of 10 J/cm2, and Group 4 with an ALA concentration of 200 mg/kg and irradiation of 50
J/cm2. PDT was performed every day, and ulcer dimension and bacteria count were compared with
the control group. As a result, wound healing in Group 4 with an ALA concentration of 200 mg/kg
and irradiation of 50 J/cm2, was more advanced than the control group, and bacterial count was
reduced. Performing PDT using an intraperitoneal injection of 5-aminolevulinic acid (5-ALA) may
be useful as a treatment method for MRSA infected cutaneous ulcers.
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Time-dependent changes in the cyclobutane pyrimidine dimers (CPDs) level in mice epider-
mis by UVB irradiation
E Ito,1 H Kumimoto,2 T Furuhashi1 and A Morita1 1 Geriatric and Environmental Dermatology,,
Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan and 2 Central
Service Unit, Aichi Cancer Center Research Institute, Nagoya, Japan
It is thought that Cyclobutane pyrimidine dimers (CPDs) formation in skin by UVB irradiation is
found at the early time point, likely a few minutes and immediately decreased by DNA repair sys-
tem. The peak formation is considered at the immediate point after the irradiation. In this study, lev-
els of cyclobutane pyrimidine dimers(CPDs) formation after UVB irradiation were investigated at
the early time point (3 mins) to 24-72 hrs. Two mice strains, B6 and BALB/c mice were used. Their
back was shaved and irradiated by narrow-band UVB, broad-band UVB. The skin specimens (n=3)
were taken from 3 mins, 3, 6, 9, 12 18, 24, 48, and 72 hrs after UVB irradiations and stained with
anti-CPDs antibody. Positive cells in the epidermis are counted by ImageJ. The positive counts were
determined. The specimens were also trypsinized to separate only the epidermis. DNA was extracted
from the separated epidermis and subjected to the quantitative analysis of CPD by ELISA CPDs by
UV irradiation (1 MED) in epidermal skin were produced in the nucleus. CPDs level were found
immediately after irradiation (3 mins), but higher levels after 3-9 hrs and lasted for 24-48 hours
after irradiation. The same trend was observed regardless of differences and strains of mice and, the
type of ultraviolet narrow-band UVB, and broad-band UVB. The slimier results were observed by
ELISA. The peak formations of CPDs was not immediately after the irradiation, but 3-9 hrs. Not only
direct effects of UVB but also other reactive oxygen species would be involved in the formation of
CPDs in skin.
1258
The aryl hydrocarbon receptor (AHR) suppresses UVB-induced apoptosis in human ker-
atinocytes
T Haarmann-Stemmann,1 K Frauenstein,1 U Sydlik,1 J Tigges,1 M Majora,1 H Hanenberg,2
C Esser,1 E Fritsche1 and J Krutmann1 1 IUF - Leibniz Research Institute for Environmental
Medicine, Duesseldorf, Germany and 2 Otorhinolaryngology, Heinrich Heine University,
Duesseldorf, Germany
Exposure of keratinocytes (KC) to UV radiation results in the initiation of apoptosis, a protective
mechanism that eliminates cells harbouring irreparable DNA damage. Hence, a modulation of this
process may significantly influence the initiation and progression of UV-induced skin cancer. We
have found that the AHR, a ligand-activated and UVB-sensitive transcription factor, serves an anti-
apoptotic function in UVB-irradiated KC. Chemical and shRNA-mediated disturbance of AHR sig-
naling significantly enhanced UVB-induced apoptosis. This effect was due to a loss of expression
of E2F1 and its downstream target checkpoint kinase-1 (CHK1), two factors critical for cell-cycle
control and DNA damage response. The decrease in E2F1 expression in AHR-knockdown cells was
due to an enhanced expression of p27KIP1, accompanied by a reduced phosphorylation of CDK2
and retinoblastoma protein, resulting in an inhibition of E2F1 autoregulation. Ectopic overexpres-
sion of E2F1 in AHR-knockdown KC restored CHK1 expression and diminished the observed sen-
sitization to UVB-induced apoptosis. Accordingly, experimental CHK1 recovery alone was also
sufficient to attenuate UVB-induced apoptosis in AHR-knockdown KC, indicating that that the loss
of proper checkpoint control drives damaged KC into apoptotic cell death. In contrast to AHR-pro-
ficient SKH-1 mice, we observed an enhanced cleavage of caspase-3 in the skin of UVB-exposed
AHR-knockout SKH-1 mice, which was accompanied by a reduced basal expression of E2F1 and
CHK1. Thus, the newly described anti-apoptotic AHR-E2F1-CHK1 axis is also present in vivo. Our
results demonstrate for the first time an interaction between AHR, E2F1 and CHK1 and identify this
signaling axis as a novel anti-apoptotic pathway in KC, which may represent a putative target for
chemoprevention of non-melanoma skin cancer.
1259
The aryl hydrocarbon receptor (AHR) enhances IL-6 expression in UVB-exposed keratinocytes
K Frauenstein,1 J Kemmerling,1 CF Vogel,2 J Krutmann1 and T Haarmann-Stemmann1 1 IUF -
Leibniz Research Institute for Environmental Medicine, Duesseldorf, Germany and 2
Department of Environmental Toxicology, University of California Davis, Davis, CA
Acute exposure to ultraviolet (UV) radiation induces a variety of inflammatory skin reactions, such
as erythema, neutrophil infiltration, vascular remodeling, and secretion of inflammatory mediators.
Keratinocytes (KC) are the major epidermal cell-type responsible for the release of pro-inflamma-
tory cytokines, such as IL-8, TNFα, and IL-6. The expression of IL-6 is up-regulated in several
inflammatory skin diseases (atopic dermatitis, psoriasis) and is also involved in the pathogenesis of
skin cancer. Here we identify the AHR, a key regulator of drug metabolism, as a novel modulator
of UVB-induced IL-6 expression. In contrast to AHR-proficient NCTC 2544 KC, quantitative gene
expression analyses revealed a reduced induction (~50%) of IL-6 in AHR-knockdown KC 6h after
exposure to 200J/m2 or 400J/m2 UVB. Accordingly, ELISA-based IL-6 determination showed a sig-
nificant decrease (~40%) of secreted IL-6 in the supernatant of AHR-knockdown KC 24h after
exposure to 400J/m2 UVB. The AHR is activated by tryptophan photoproducts generated in the
cytosol of UVB-exposed KC. Upon activation, the AHR shuttles into the nucleus, dimerizes with
ARNT, and binds to target gene promoters to enforce transcription. The AHR can also interact with
other transcription factors, for instance the NF-κB subunit RelA. Interestingly, NF-κB is the major
regulator of IL-6 expression in KC. To test if the AHR interacts with NF-κB signaling to induce IL-6,
we pre-treated AHR-proficient and –knockdown KC with BAY 11-7085, a potent NF-κB inhibitor,
prior UVB exposure. The UVB-induced IL-6 induction was completely abrogated by BAY 11-7085
in both cell-types, demonstrating the dominant role of NF-κB in IL-6 regulation. Thus, it is highly
likely that the AHR enhances IL-6 expression by cooperating with NF-κB, thereby probably con-
tributing to the development of UVB-induced skin inflammation.
1260
Size is not a reliable predictor of tumor grade in a murine UVB-induced carcinogenesis model
EM Burns,1 KL Tober,1 JA Riggenbach,1 DF Kusewitt,2 GS Young3 and TM Oberyszyn1 1 Pathology,
The Ohio State University, Columbus, OH, 2 Molecular Carcinogenesis, MD Anderson Cancer
Center, Smithville, TX and 3 Center for Biostatistics, The Ohio State University, Columbus, OH
The risk of developing cutaneous SCC is 3 times greater in males than females; however, the mech-
anisms that contribute to this disparity are unclear. Our previous studies have demonstrated that
after equivalent, chronic UVB exposure, male mice had larger tumors and more malignant tumors
compared to female mice. We also showed that treatment with the anti-inflammatory agent,
diclofenac, effectively decreased tumor growth. To track the development of malignant tumors dur-
ing the course of preventive or therapeutic treatments, it would be useful to be able to visually
identify malignant tumors without biopsy. It has been assumed that larger tumors are malignant;
however, it is unclear whether tumor size can be a reliable predictor for tumor grade. A previous
study defined visual criteria as a diameter greater than 3mm, bleeding, and ulceration to predict
fully invasive SCCs. In the current study we exposed male and female Skh-1 mice to UVB for 25
weeks with and without preventative topical treatment and tracked tumors over time to directly
match tumor size, appearance, and grade. We found that while the above criteria successfully
identified many SCCs, 16.7% of male and female tumors were non-ulcerated SCCs smaller than
3mm and 33.3% of male tumors and 26.1% of female tumors were non-ulcerated papillomas
larger than 3mm. Further, mice treated with diclofenac also exhibited a pattern of tumor progres-
sion and size that did not meet the visual criteria. Female mice treated with diclofenac developed
nearly twice the amount of benign tumors over 3mm and 25% fewer malignant tumors over 3mm
compared to vehicle-treated mice while males exhibited the opposite trend. Our study demonstrates
that while visual observation may provide preliminary data, it is critical to histologically examine
every tumor regardless of size or appearance to correctly evaluate the efficacy of treatments in
decreasing cutaneous tumor progression.
1261
Up-regulation of raf kinase inhibitor protein in cultured human keratinocyte after UVB irra-
diation
C Wu,1,2,3 D Tsao,4 Y Chu,5 C Hung,5 Y Tsai,5 H Yu2,3,6 and H Chang5 1 Department of
Dermatology, Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan, 2 Department of
Dermatology, Faculty of Medicine, College of Medicine, Kaohsiung Medical University,
Kaohsiung, Taiwan, 3 Graduate Institute of Medicine, College of Medicine, Kaohsiung Medical
University, Kaohsiung, Taiwan, 4 Department of Medical Technology, Fooyin University,
Kaohsiung, Taiwan, 5 Department of Biomedical Engineering, I-Shou University, Kaohsiung,
Taiwan and 6 Department of Dermatology, Kaohsiung Medical University Hospital,
Kaohsiung, Taiwan
Background: The UVB irradiation has been used in treating many hyperproliferative dermatoses but
the detailed mechanisms were still unknown. Raf kinase inhibitor protein (RKIP) was involved in
cell growth, transformation, and differentiation signal transduction. Objectives: The purpose of this
study was to explore the relationship between expression of RKIP and proliferation in cultured human
keratinocyte under UVB irradiation. Method: Normal human keratinocytes were treated with UVB
dose of 10 mJ/cm2, 20 mJ/cm2, 30 mJ/cm2, 40 mJ/cm2 and 0 mJ/cm2 (control group) separately.
Expression of RKIP, mRNA of RKIP, proliferation and apoptosis of keratinocyte were measured. Result:
Our results showed that the level of RKIP and RKIP mRNA of keratinocyte after UVB treatment in
experimental group were increased as compared to the control group (p<0.01). The Proliferation of
keratinocyte after UVB treatment in experimental group was significantly reduced as compared to
the control group (p<0.01). The apoptosis of keratinocyte in experimental group did not significantly
change as compared to the control group. Conclusion: These results showed that upregulated expres-
sion of RKIP in keratinocyte with UVB treatment might contribute to the pathological and physio-
logical mechanisms of UVB-inhibited cell proliferation.
1262
The inhibitory effect of Spirulina platensis on UVB-induced skin carcinogenesis: Anti-inflam-
matory and antioxidant mechanisms
F Yogianti,1 M Kunisada,1 R Ono,1 K Sakumi,2 Y Nakabeppu2 and C Nishigori1 1 Division of
Dermatology, Department of Internal Related, Graduate School of Medicine, Kobe University,
Kobe, Japan and 2 Division of Neurofunctional Genomics, Medical Institute of Bioregulation,
Kyusyu University, Fukuoka, Japan
It has been reported that exposure of UVB to the skin induces DNA damage which cause gene muta-
tions and alteration in gene expression, that leads to various biological responses such as inflam-
matory responses and immunosupression. Furthermore these lead to the development of skin can-
cers. UVB with wavelength 290 – 320nm – induces direct DNA damage, in the form of cyclobutane
pyrimidine dimers (CPDs) and 6,4-photoproduct, and also indirect DNA damage through the par-
ticipation of reactive oxygen species (ROS), leading to the formation of 7,8-dihydro-8-oxoguanine
(8-oxoG). Deficiency of Ogg1 gene, repair enzyme for 8-oxoG, has been shown to induce more
skin cancers in mice. Spirulina platensis is a blue-green filamentous alga which has been reported
to have anti cancer, anti viral, immune enhancing, hepatoprotective, anti-allergic, cardioprotec-
tive, and neuroprotective effects. In the present study, for the first time we showed that dietary Spir-
ulina platensis against the development of UVB-induced skin tumors both in wild type and Ogg1
knockout mice. Our results indicated that Spirulina platensis has an antioxidant effect as it had
reduced the formation of 8-oxoG, whereas it had little effect on the amount of CPDs. We also
found that Spirulina platensis significantly decreased the pro-inflammatory cytokines expressions
such as IL-1β and Cxcl-1 in the mice irradiated with UVB. When we examined the UV induced sig-
naling pathway by using mice keratinocytes PAM212 and C-Phycocyanin, one of the major con-
stituents of Spirulina platensis, we found that keratinocytes treated with C-Phycocyanin showed
lower phosphorylation of p38 MAPK, JNK and ERK 30 minutes after UVB irradiation. Our results
indicate Spirulina platensis exert anti tumor effect on UVB-induced skin cancer through anti-inflam-
matory effect.
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Fragmented collagen microenvironment alters expression of matrix metalloproteinases and
collagen by dermal fibroblasts in photodamaged human skin
T Quan, E Little, H Quan, Z Qin, JJ Voorhees and GJ Fisher Department of Dermatology,
University of Michigan, Ann Arbor, MI
Solar ultraviolet (UV) irradiation induces matrix metalloproteinases (MMPs), which fragment colla-
gen fibrils that comprise the bulk of the dermal extracellular matrix (ECM). This ECM fragmentation
accumulates with chronic sun exposure, leading to permanent structural and functional impairment.
We examined the effects of fragmented collagen microenvironment on dermal fibroblast function
by culturing dermal fibroblasts in intact or fragmented three dimensional (3D) collagen lattices to
model sun-protected and sun-exposed dermis, respectively. Fibroblasts expressed 17 of the 23 known
members of the MMP family. Interestingly, gene expression of six MMPs were elevated in fragmented
3D collagen lattice cultures (N=3, p<0.05). These MMPs included MMP-1 (4.5-fold), MMP-2 (2.4-
fold), MMP-3 (1.9-fold), MMP-11 (3.1-fold), MMP-13 (3.8-fold), MMP-27 (3.2-fold). Furthermore,
type I collagen expression was significantly reduced in fragmented 3D collagen lattices (N=3,
p<0.05). To evaluate the physiological validity of the 3D collagen lattice model, we quantified
gene expression of MMPs and collagen in dermis, obtained by laser capture microdissection, from
photodamaged forearm and subject-matched sun-protected underarm skin. Among the 18 MMPs
expressed in human dermis, all six MMPs that were elevated in fragmented 3D collagen lattice cul-
tures, were similarly elevated in photodamaged forearm dermis, compared to sun-protected under-
arm dermis (N=19, p<0.05). Furthermore, collagen expression was significantly reduced in photo-
damaged forearm dermis (N=19, p<0.05). These data support the concept that constitutive elevation
of several MMPs and reduced production of collagen reflect the long-term consequences on fibrob-
last function of the fragmented dermal collagen microenvironment in photodamaged human skin.
1265
Activation of the glucocorticoid-induced leucine zipper in human dendritic cells: Implica-
tions for immuno-modulation after extracorporeal photochemotherapy
JS Futterleib, RE Tigelaar, J Choi and RL Edelson Dermatology, Yale University School of
Medicine, New Haven, CT
Extracorporeal photochemotherapy (ECP) induces antigen-specific immune tolerance in graft-ver-
sus-host disease and solid-organ transplant rejection, and involves the ex vivo exposure of mononu-
clear cells to 8-methoxypsoralen plus ultraviolet A light (PUVA). In this study, we developed an in
vitro model of ECP to decipher the immunomodulatory mechanisms of PUVA. The glucocorticoid-
induced leucine zipper (GILZ) is both necessary and sufficient for the generation of dexamethasone-
induced tolerogenic dendritic cells (DCs). We hypothesized that PUVA-induced activation of GILZ
may contribute to the immune tolerance observed after ECP therapy in graft-versus-host disease
and solid-organ transplantation. We report that PUVA acts via two pathways culminating in GILZ
up-regulation in human monocyte-derived dendritic cells (MoDCs). PUVA directly induces GILZ
expression in MoDCs in a dose-dependent fashion (p < 0.01). Second, PUVA acts indirectly through
the generation of apoptotic cells to induce GILZ expression in an apoptotic cell dose-dependent
fashion (p < 0.01). MoDCs treated with PUVA, and/or exposed to apoptotic lymphocytes induced
by PUVA, up-regulate GILZ, down-regulate CD80, CD86 and CD83, become resistant to LPS-
induced maturation, increase IL-10 production, and decrease production of pro-inflammatory
cytokines (IL-12, IFN-γ, IL-6, TNF-α), and chemokines (IL-8, MCP-1, MIP-1β, RANTES) (all p < 0.05).
Knockdown of GILZ via transient transfection with GILZ siRNA, compared to scramble siRNA,
reduced IL-10 production and increased IL-12 production, demonstrating that GILZ is necessary
for generating this tolerogenic cytokine profile. This study uncovers a potential molecular explana-
tion for the immunomodulatory effects of PUVA, specifically through the induction of GILZ and
polarization of immature MoDCs into tolerogenic DCs, and has implications for better understanding
how ECP induces antigen-specific immunosuppression in vivo.
1267
Post-UV delivery of CPD-photolyase mRNA leads to repair of DNA damage in human ker-
atinocytes
G Boros,1 E Miko,1 E Emri,1 G van der Horst,2 H Muramatsu,3 D Weissman,4 I Horkay,1 G Emri,1
K Karikó3 and ÉVA Remenyik1 1 Department of Dermatology, University of Debrecen,
Debrecen, Hungary, 2 Department of Genetics, Erasmus University Medical Center,
Rotterdam, Netherlands, 3 Department of Neurosurgery, University of Pennsylvania,
Philadelphia, PA and 4 Department of Medicine, University of Pennsylvania, Philadelphia, PA
UVB irradiation induces harmful photochemical reactions, including formation of cyclobutane
pyrimidine dimers (CPDs) in DNA. Accumulation of unrepaired CPD lesions causes inflammation,
premature aging and skin cancer. In response to photoreactivating light, photolyase can quickly
restore DNA integrity, but due to an evolutionary loss, this enzyme is absent in humans. Naturally,
CPDs in human genomic DNA are eliminated by slow nucleotide excision repair (NER). We have
recently demonstrated that transfecting in vitro-synthesized mRNA encoding Potorous tridactylus
CPD-photolyase into human keratinocytes leads to rapid repair of DNA-damage induced by UVB
at 12 hours posttransfection. In the present study, HaCaT keratinocytes were first exposed to UVB
(20 mJ/cm2) then transfected with lipofectamine-complexed photolyase mRNA. UVB irradiation did
not reduce the efficacy of mRNA transfection and a significant amount of photolyase could be meas-
ured at 1 hour after mRNA delivery by Western blot. At 6 hours following UVB irradiation, we
detected a 10-fold reduction CPD lesions in cells subjected to photoreactivation compared to
those kept in the dark. Thus, confirming that the DNA repair was performed by photolyase trans-
lated from the transfected mRNA. In comparison, it took 72 hours for the physiologic NER to reduce
the amount of CPDs by 90% in UVB-irradiated HaCaT cells, which markedly contrasts the rapid
CPD removal facilitated by photolyase mRNA delivery. Our results demonstrate that delivery of in
vitro-synthesized mRNA encoding CPD-photolyase is a novel and promising therapeutic approach
for skin cancer prevention that can be applied before or after UVB exposure.
1266
A three-dimensional epidermis model reconstructed from UVB-irradiated keratinocytes mim-
ics premature ageing in human skin
L Löwenau, G Weindl and M Schäfer-Korting Institute of Pharmacy (Pharmacology and
Toxicology), Freie Universität Berlin, Berlin, Germany
The use of 3D skin models to mimic human skin has become an important alternative to in vivo
testing of pharmacologically active compounds. To test substances not only in normal, but also in
diseased skin, it is important to have a model that closely resembles the pathological changes
observed in human skin. Prematurely aged skin is often seen in patients with diabetes and arte-
riosclerosis and is also induced by exposure to UV radiation. However, a skin model derived from
UV-treated keratinocytes has not yet been reported. In the current study, we constructed an epi-
dermis model from UVB-irradiated juvenile epidermal keratinocytes (30 mJ/cm2) that showed pre-
mature senescence with characteristic increases in senescence-associated β-galactosidase (SA-gal)
staining. Non-irradiated and UVB-irradiated cells, respectively, were seeded on a polycarbonate
membrane and cultivated for 14 days. Histological analysis and immunofluorescence microscopy
revealed that control and irradiated cells form a stratified epidermis as indicated by the expression
of epidermal differentiation markers (keratin 14, keratin 10, involucrin). However, the epidermis
model from UVB-irradiated keratinocytes showed an altered morphology when compared to mod-
els reconstructed from normal keratinocytes. The levels of the pro-inflammatory cytokines IL-1α and
IL-8 were strongly increased in the models obtained from irradiated cells as determined by ELISA.
Furthermore, gene expression analysis by quantitative RT-PCR identified differences in the regula-
tion of senescence-associated genes (VEGF-C, p16, IFI27, cyclinD2). Taken together, our results sug-
gest that reconstructed epidermis from UVB-irradiated keratinocytes may be a useful tool to inves-
tigate the physiological properties of prematurely aged diseased skin as well as skin permeation
and penetration of chemicals and drugs.
1264
Topical estrogen increases the severity of UVB induced squamous cell carcinoma
MA Creamer,1 KL Tober,2 EM Burns,2 JA Riggenbach,2 DF Kusewitt3 and TM Oberyszyn2 1
University Laboratory Animal Resources, The Ohio State University, Columbus, OH, 2
Pathology, The Ohio State University, Columbus, OH and 3 Molecular Carcinogenesis,
Science Park Research Division - The University of Texas MD Anderson Cancer Center,
Smithville, TX
Cutaneous neoplasms, both non-melanoma skin cancer (NMSC) and melanoma, resulting from UV
exposure, account for nearly one half of all cancers in the United States with increasing incidence
in women under 40. In addition to causing skin cancer, sunlight has been implicated in the cuta-
neous aging process. In women, excessive sunlight exposure during youth combined with a decrease
in estrogen levels in later life results in pronounced skin wrinkling and loss of elasticity. There is
increasing interest in the use of topical creams containing estrogen to prevent or reverse some of
the normal cutaneous aging processes in younger pre-menopausal women. While exposure to these
creams may be beneficial cosmetically, the effect of applying estrogen to sun exposed sites for pro-
longed periods of time on skin cancer development has not been extensively studied. The current
studies were carried out to examine the effects of topical estrogen (Estrogel®, 17-β estradiol) treat-
ment on inflammation following acute UVB exposure and on skin tumor development in female
SKH1 hairless mice following 10 weeks of UVB exposure. We show that topical treatment with
estrogen following a single UVB exposure increased the magnitude and length of the acute UVB-
induced inflammatory response. Mice chronically UVB-irradiated and then treated topically with
estrogen developed 1.6 fold more tumors, an almost 3 fold greater tumor burden, and tumors of a
higher grade compared to mice treated with the vehicle control. The results of this study suggest
that the use of estrogen on previously sun damaged skin for cosmetic purposes may increase skin
tumor development and should be used with caution.
1268
Protein-epitopes formed in sun damaged human skin from lipid peroxidation are mediators
of cutaneous photo-oxidative stress
JD Williams,1 Y Bermudez,1 SP Stratton1 and GT Wondrak1,2 1 The University of Arizona Cancer
Center, University of Arizona, Tucson, AZ and 2 College of Pharmacy, University of Arizona,
Tucson, AZ
Oxidative stress in human skin exposed to solar ultraviolet light (UV) is a key mechanism underly-
ing cutaneous photoaging and photocarcinogenesis. Malondialdehyde (MDA) is a highly reactive
electrophilic carbonyl-species derived from membrane lipid peroxidation. Here we present evi-
dence that MDA formed in cultured skin cells and human skin in response to solar UV-insult drives
the formation of protein epitopes that are potent photosensitizers. Quantification of MDA in human
skin fibroblasts and keratinocytes after exposure to simulated solar UV-light (SSL) was conducted
utilizing gas chromatography coupled to electron-ionization mass spectrometry. Cellular MDA lev-
els increased up to 10-fold after SSL exposure, an effect observed at doses as low as 1.5 J/cm2 UVA
(75 mJ/cm2 UVB). Equally, in photo-naive human skin subjected to acute solar insult ex-vivo, sig-
nificantly elevated MDA levels were detected. Pronounced accumulation of MDA-derived protein
epitopes including dihydropyridine-(DHP)-adducted lysine, a potent UVA-photosensitizer, occurred
primarily in the epidermis of SSL exposed full thickness human skin as visualized by immunohis-
tochemical detection. Synthetic peptide-bound DHP-epitopes displayed potent activity as photo-
sensitizers, enhancing SSL-induced intracellular oxidative stress and lipid peroxidation. Taken together,
these data provide the first demonstration that within human skin subjected to solar UV-insult MDA-
derived protein epitopes are key mediators of a vicious cycle of photooxidative damage.
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Mice exposure to repetitive low UV doses differentially affects the immune system com-
pared to elevated doses, enhancing specific antibody production
EM Cela, ML Paz, AD Friedrich, J Leoni and DH Gonzalez Maglio Immunology Department,
Pharmacy and Biochemistry School, University of Buenos Aires, Buenos Aires, Argentina
Skin UV exposure induces both a systemic immunesuppression and Vitamin D synthesis, which in
turns promotes transcription of immune mediators such as antimicrobial peptides and TLR-2. SKH-
1 hairless mice were irradiated with repetitive low UV doses (4 times of 20 mJ/cm2 -simulating
daily exposure-) or a single high dose (400 mJ/cm2 -simulating harmful exposure-) to compare their
cellular as well as immune effects, 1 and 8 days post-UV. Both UV doses led to an increase in epi-
dermal thickness& (H&E), but only 4x20 activated mitochondrial function# (DiOC6
+ cells) while
1x400 produced the opposite effect&, with the consequent increment in superoxide production#
(MitoSOX+ cells), by flow cytometry. Inflammatory mediators (IL-6 and TNF-α) were increased only
in 1x400, in dermis& and epidermis& extracts, assayed by ELISA. Epidermal T cell percentage (CD3
+
cells) was markedly decreased in 1x400# (flow cytometry); accordingly, epidermal transcription of
CXCL-12 was also decreased&, but in all mice groups& (RT-PCR). Both UV doses induced an incre-
ment in VEGF transcription, in dermis and epidermis#, but none of them had effects on the tran-
scription of TLR-2 and TLR-4, in both tissues (RT-PCR), or in the 25-OH-Vit D serum levels (RIA).
Finally, a tetanus toxoid (TT) challenge was performed for each UV-dose 1 or 8 days after irradia-
tion and serum antibodies were titrated. Anti-TT specific total IgG# and IgG3
# were increased 1 day
post-4x20 (3.4 and 3.5 fold), while anti-TT IgG1
& and IgG2b
* were decreased 1day post-1x400 (3.0
and 4.6 fold). Immunizations performed 8 days after-UV did not have effects on specific antibod-
ies titre, in neither group. All differences are expressed vs non-irradiated control mice: *p<0.05,
#p<0.01, &p<0.001. Simulated daily UV-exposure shares some of the negative effects produced by
a harmful high-dose, in contrast it does not induce strong inflammation and it is also unexpectedly
capable of increasing the specific humoral immune response.
1270
Improving acne keloidalis nuchae with targeted ultraviolet B irradiation: A prospective, ran-
domized, split-scalp comparison study
B Summerer, G Hinds, H Suh, S Leung, J Kim, A Nelson, A Chien, L Garza and S Kang
Dermatology, Johns Hopkins Univ., Baltimore, MD
Acne keloidalis nuchae (AKN) is characterized by small bumps on the back of the scalp/upper neck
and almost exclusively found in dark-skinned males with very curly hair. Its treatment has been
limited and unsatisfactory. Since dermal fibrosis akin to keloids is its histologic hallmark, we hypoth-
esized that antifibrotic properties of UVB (290-320nm) irradiation may improve AKN. A prospec-
tive, randomized, split-scalp comparison study design was used to assess the effectiveness of tar-
geted ultraviolet B (tUVB=cable delivery) therapy to improve AKN. Ten patients (male, mean 36.6
yrs, skin types V/VI) with AKN were enrolled. Within the AKN area, 2 regions of interest (ROI, 3x3
cm2 each) were selected, one on each side of the scalp. A ROI was randomly selected to receive
tUVB up to 3 times weekly for 8 weeks (~3,713 mJ/cm2/wk). After 8 wks tUVB treatment was given
to both ROIs for 8 additional weeks. Discrete AKN bumps were counted in each ROI at week 0, 8
and 16. Punch biopsies (4mm) were obtained from uninvolved and AKN skin (untreated [n=6] and
post-tUVB at wks 8 [n=6] & 16 [n=4]) for quantitative RT-PCR. At baseline, the mean (+SE) lesion
count in ROI was similar between tUVB and untreated sides (14.8+4.2 vs. 15.0+6.2). After 8 wks
of tUVB, the mean lesion count decreased significantly to 9.4+1.2 (36%), with no change in untreated
side (14.8+4.6; p=0.009). With 8 additional weeks of tUVB (at wk 16), the mean lesion count
decreased further to 7+1.5 (48.5%; p=0.041). Clinical improvement by tUVB was associated with
elevations in MMP-1 and MMP-9 mRNAs at wk 8 (174X & 19X, respectively) and wk 16 (1715X &
44X, respectively) compared to uninvolved skin. MMPs were also elevated in untreated AKN com-
pared to uninvolved skin. All patients tolerated the tUVB exposures well and consistently rated tUVB
favorably in improving the appearance of AKN. Our pilot study demonstrates that tUVB is safe and
effective in reducing the AKN lesions and this is likely related to UV’s antifibrotic activities.
1271
Extracorporeal photopheresis in the treatment of localized scleroderma
U Just, A Tanew, V Paulitschke, C Jantschitsch and R Knobler Dermatology, Medical University
of Vienna, Vienna, Austria
Extracorporeal photochemotherapy (ECP) is a treatment for cutaneous T-cell lymphomas, graft-ver-
sus-host disease (GvHD), organ transplant rejection, systemic sclerosis, and other immune-medi-
ated disorders. Morphea (localized scleroderma) is a skin disorder with significant morbidity. There
is no consistent treatment recommendation proven to be effective or to substantially modify dis-
ease progression. Various treatment options are currently used with only partial and often insuffi-
cient success. Increasing evidence suggests that ECP can be applied for improving significantly the
course of generalized deep scleroderma. In this prospective single center clinical study we treated
12 patients (age 21-65a, female:8, male:4) with severe refractory localized scleroderma with ECP
every two weeks for a total of six months. Clinical examination as well as high-frequency ultrasound
evaluation of skin involvement was performed before initiating the treatment as well as after the 6-
months-treatment regime. In 7 of 12 patients there was a marked decrease in skin induration. Two
patients with uncontrolled disease progression prior to ECP showed no further progression after start-
ing the ECP treatment. In one patient the symptoms of generalized morphea increased despite
treatment. Our data confirms that the use of ECP in refractory localized scleroderma is a viable treat-
ment option with negligible side effects. Additional research into the clinical and immunological
mechanisms of action of this safe treatment modality should provide further insight into the mech-
anisms of action of ECP and the disease itself.
1272
Endoplasmic reticulum-stress induction as an hormetic signal for oxidative stress protection
L Valenti,2 E Lomonte,2 F Maccario,2 J Nicolaÿ1 and M Frechet1 1 Exsymol, Monaco, Monaco and
2 Sedifa laboratoires, Monaco, Monaco
Reinforcing the natural cellular antioxidant defence mechanisms is an attractive way to fight against
oxidative stress-mediated accelerated aging. To achieve this, cutaneous cells were exposed to an
“hormetic signal”, e.g. an harmless stimulus that triggers an antioxidant response without inducing
a detrimental unbalance of cellular redox homeostasis. As an organelle warrant of protein quality,
endoplasmic reticulum (ER) can detect stress-induced protein damages, and is capable of generat-
ing an antioxidant adaptive response called the unfolded protein response (UPR) involving a spe-
cific signalling network. We have designed a specific hormetic compound (HC), which is able to
induce a moderate ER stress in human dermal fibroblasts, without inducing any other noticeable
cellular stress. Early evidences for the onset of a low-level ER stress were the re-localisation of mito-
chondria in proximity of ER, towards the perinuclear area, which is indicative of a metabolic adap-
tive response. Activation of UPR specific transducers triggered the translocation of the transcrip-
tional factor NF-E2-related factor2 (NRF2) into the nucleus. NRF2 binds to the antioxidant response
element (ARE) to promote the transcription of several antioxidant genes. Upon treatment with the
HC, fibroblasts expressed more NQO-1 protein, one of the ARE-regulated antioxidant enzymes.
Stress resistance of HC-treated fibroblasts was evidenced by challenging them with cytotoxic doses
of UVA. Cell viability was higher for fibroblasts pre-treated with HC than for non-treated control
fibroblasts. Taken together, our results suggest that an hormetic ER-stress induction can be an effec-
tive way to reduce accumulation of oxidative stress-mediated damages, and to slow down aging.
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miR-24 functionality in skin response to UV radiation
DN Syed, J Chamcheu, RK Lall, VM Adhami, MI Khan and H Mukhtar Dermatology, University
of Wisconsin-Madison, Madison, WI
Solar ultraviolet (UV) radiation is a major environmental skin carcinogen that induces DNA dam-
age and modulates a variety of genes that regulate cell growth, proliferation and apoptosis. The
transcriptional regulation of genes is part of the cellular reaction that operates as a defense mech-
anism against the adverse effects of UV radiation. MicroRNAs (miRNA) are a group of small non-
coding RNAs which regulate gene functions by targeting sequences in their 3’ untranslated regions.
Disruption of miRNA expression has been observed in various malignancies. Little is known about
the role of the miRNAs in the regulation of gene expression in response to UV irradiation in human
skin. We generated a miRNA profile of UVB-irradiated normal human epidermal keratinocytes
(NHEKs) selecting the physiologically relevant UVB dose of 40mJ/cm2. In preliminary microarray
studies, we identified a subset of 44 miRNAs that were differentially expressed (p< 0.05) in NHEK,
4 h post UVB exposure. Further validation by qPCR revealed a total of 22 miRNAs that were mod-
ulated by UVB. Additional statistical testing showed miR-24 and miR-720 to be the most signifi-
cantly modulated miRNAs in UVB exposed keratinocytes. Next, we established a multilayered, well
differentiated, 3-D human epidermal skin model, comprising of NHEKs and human dermal fibrob-
lasts that closely simulated human skin. Microarray analysis of these constructs post UVB exposure
showed a significant decrease in miR-24 expression, confirming previous findings in NHEK mono-
layer cultures. In situ hybridization studies in tissues derived from patients diagnosed with squa-
mous and basal cell carcinoma demonstrated downregulation of miR-24 in cancer tissues as com-
pared to normal skin. Our data suggest a role of miR-24 in the regulation of UVB induced responses,
and a possible correlation between miR-24 expression levels and the occurrence of skin cancer.
Further studies are warranted to examine whether UVB-induced decrease in miR-24 expression
results in loss of inhibitory control of proliferative pathways implicated in the pathogenesis of human
skin cancer.
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Tropical highland blackberry juice protected against UVB-mediated damage in normal human
epidermal keratinocytes and in a reconstituted skin equivalent
LA Calvo-Castro,1,2 DN Syed,2 J Chamcheu,2 F Vilela,2 A Pérez,3 M Rojas1 and H Mukhtar2 1
Laboratorio de Ingeniería de Tejidos, Centro de Investigación en Biotecnología, Instituto
Tecnológico de Costa Rica, Cartago, Costa Rica, 2 Dermatology, University of Wisconsin,
Madison, WI and 3 Centro Nacional de CIencia y Tecnología de Alimentos, Universidad de
Costa Rica, San José, Costa Rica
Ultraviolet (UV) radiation from the sun, particularly its UVB (290-230 nm) spectrum, is the primary
environmental stimulus leading to skin carcinogenesis. Several botanical species with antioxidant
properties have shown photochemopreventive effects against UVB damage. Costa Rica’s tropical
highland blackberry (Rubus adenotrichos) contains important levels of phenolic compounds, mainly
ellagitannins and anthocyanins, with strong antioxidant properties. In this study, we examined the
photochemopreventive effect of such blackberry juice (BBJ) on UVB-mediated responses in sub-
merged normal human epidermal keratinocytes (NHEK) and in a three dimensional model (3D) of
normal human reconstituted skin. Pre-treatment (2 h) and post-treatment (24 h) of cells with BBJ
reduced UVB (25 mJ/cm2)-mediated (i) cyclobutane pyrimidine dimers (CPDs) formation, (ii) p53
phosphorylation at Ser15 and (iii) formation of 8-hydroxy-2’-deoxyguanosine (8-OHdG), with a
stronger effect in the post-treatment. Furthermore, pre-treatment of NHEK with BBJ increased (i)
poly(ADP-ribose) polymerase (PARP) cleavage and (ii) activation of caspases 3 and 8. Next, immuno-
histochemistry studies were performed to establish the significance of these findings in a 3D recon-
stituted normal skin model, where we confirmed that BBJ decreased CPDs formation and increased
expression of caspase-14 and other keratinization markers. These data suggest that Costa Rica’s BBJ
may possess useful properties against UVB-induced damage to human skin by reducing DNA dam-
age and increasing apoptosis of damaged cells.
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Immediate HIF-1α downregulation following UVB irradiation is triggered by NOX1-mediated
ROS generation
G Harfouche,1,2 M Hosseini,1,2 W Mahfouf,1,2 H de Verneuil,1,2 A Taieb,1,2 F Mazurier1,2 and
HR Rezvani1,2 1 Inserm U1035, BORDEAUX, France and 2 University of Bordeaux, BOR-
DEAUX, France
Hypoxia-inducible factor-1 (HIF-1) is a major transcription factor sensitive to oxygen levels, which
responds to stress factors under both hypoxic and nonhypoxic conditions. We have already shown
that UVB irradiation has a biphasic effect on HIF-1α protein expression, in which an immediate
downregulation of HIF1α is followed by its upregulation some hours later. Recently, we and others
have demonstrated that HIF-1α has an important role in the regulation of keratinocyte responses to
UVB irradiation through affecting DNA repair efficiency and apoptotic cell death, suggesting that
its spatiotemporal repression and activation has a substantial influence on the regulation of UV-
responsive genes. In this study we investigated the mechanism of HIF-1α downregulation immedi-
ately after irradiation. Here, we show that NADPH oxidase-1 (NOX1) activation following UVB irra-
diation results in increased cytoplasmic ROS level which, in turn, triggers HIF-1α downregulation.
Inhibition of NOX1 activation using a NOX1 inhibitor or downregulation of NOX-1 expression using
shNOX1 blocks UVB-induced ROS production and consequently HIF-1α downregulation. Our
results have furthermore shown that blocking of prolyl hydroxylase (PHD) by DMOG does not affect
UVB-induced HIF-1α downregulation, indicating that its degradation is done independently of PHD
activity. However mutation of two prolines in oxygen-dependent degradation domain (ODD) of
HIF-1α blocks HIF-1a degradation, indicating that its degradation is dependent on the presence of
two pralines. The immediate HIF-1α downregulation following UVB irradiation was not observed
in VHL-/- cells or shVHL-transduced keratinocytes, indicating that the immediate HIF-1α down-
regulation is dependent on VHL-mediated ubiquitination. Altogether, these results indicate that HIF-
1α downregulation, which is triggered by UVB-induced NOX1 activation-mediated ROS produc-
tion, is dependent on the presence of two prolines in the ODD domain as well as VHL activity.
1277
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Toll-like receptor-4 promotes ultraviolet radiation induced cutaneous tumor development
E Simanyi, I Ahmad, HM Rihan, TH Nasti, CA Elmets and N Yusuf Dermatology, University of
Alabama at Birmingham, Birmingham, AL
Ultraviolet (UV) irradiation of the skin induces acute inflammation, and is subsequently linked to
the progression of skin cancer. Toll-like receptor 4 (TLR4), a component of innate immunity, has
been shown to play an important role in cancer. Previous studies from our laboratory indicate that
UVB-induced DNA damage mediated by reactive oxygen species (ROS) was greatly reduced in TLR4
deficient mice, indicated by significantly fewer 8-oxo-2’-deoxyguanosine (8-oxo-dG) lesions (p<0.05)
in the skin of these mice. When mice were exposed to a single dose of UVB radiation (200 mJ/cm2),
there was a significant (p<0.05) generation of ROS in the peripheral blood mononuclear cells (PBMC)
of TLR4 competent mice than the PBMC of TLR4 deficient mice. Also, we found that TLR4 compe-
tent mice had significantly (p<0.05) higher number of Gr1+CD11b+ myeloid cells than TLR4 defi-
cient mice (11.5±1.23% versus 4.47±0.85%). Subsequently, when mice were exposed to multiple
doses of UVB radiation (200 mJ/cm2) for 40 weeks, significantly greater (p<0.05) numbers of tumors
occurred in TLR4 competent mice than TLR4 deficient mice. There was significant (p<0.05) up-reg-
ulation of inflammatory markers like COX-2, PGE2, iNOS, S100A8, and S100A9 in the skin of
TLR4 competent mice than the skin of TLR4 deficient mice. Furthermore, we found that TLR4 com-
petent mice had a significantly (p<0.05) higher number of Gr1+CD11b+ myeloid cells than TLR4
deficient mice (18.86±1.64% versus 6.24±0.87%). Pro-inflammatory cytokines like IL-1β, IL-6, and
TNF-α were also found to be significantly up-regulated (p<0.05) in TLR4 competent mice than
TLR4 deficient mice. Analysis of downstream markers of TLR4 signaling revealed increased expres-
sion of MyD88, TRAF6, and IRAK4 in TLR4 competent mice. Together, our data indicate that TLR4
mediated UVB induced DNA damage and inflammation may trigger the development of UVB induced
skin cancers. Thus, strategies to inhibit TLR4 may allow us to develop preventive and therapeutic
approaches for management of UVB induced cutaneous tumors.
1278
Activation of antioxidative enzymes via nuclear erythroid 2-related factor (Nrf2) in UV-exposed
human keratinocytes is mediated by melatonin
TW Fischer, K Kleszczynski, N Kruse and D Zillikens Department of Dermatology, University
of Lubeck, Lubeck, Germany
Melatonin is a ubiquitous molecule with many different functions, including potent antioxidative
properties. Due to its lipophilic character, it easily crosses cellular and intracellular membranes
reaching particular cell organelles. Therefore, it is able to act protectively right at the site of occur-
rence of oxidative stress, e.g. under ultraviolet radiation (UVR). Here, we investigated in a dose- (0,
10, 25, 50 mJ/cm2) and time-dependent (0, 4, 24, 48 h post-UVR) manner, whether melatonin could
prevent the UVR-mediated formation of reactive oxygen species (ROS) through nuclear erythroid
2-related factor (Nrf2) and its consecutive phase-2 and antioxidative enzymes in human keratinocytes.
First experiments focused on ROS generation (flow cytometry) where UVR-treated cells with the
dose of 50 mJ/cm2 revealed 12% ROS up-regulation directly after UVR (0 h) (p<0.01). Pre-incu-
bation of keratinocytes with melatonin for 1 h showed first prominent protective effects 4 h after
UVR reaching reduction of 21% compared to control at the dose of 50 mJ/cm2 (p<0.001). Com-
parative analysis of catalase activation by colorimetric activity assay confirmed these observations.
On the other hand, investigations regarding the mechanistic action of melatonin showed that it
induced the translocation of Nrf2 transcription factor from the cytosol into the nucleus (ELISA) result-
ing in increased activity of antioxidative enzymes including catalase (CAT), glutathione peroxidase
(GPx), heme oxygenase 1 (HO-1), NADPH quinone oxidoreductase 1 (NQO1), superoxide dismu-
tase (SOD) and γ-glutamate cysteine synthetase (γGCS). These results suggest that melatonin not only
directly scavenges ROS, but also significantly induces the activation of antioxidative enzymes via
the Nrf2 pathway uncovering a new mechanism that efficiently regulates the antioxidative response
to UVR-induced stress.
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Energy metabolism affects keratinocyte responses to UVB irradiation
M Hosseini,1,2 W Mahfouf,1,2 F Mazurier,1,2 A Taieb,1,2 H de Verneuil,1,2 R Rossignol2,3 and
HR Rezvani1,2 1 Inserm U1035, BORDEAUX, France, 2 University of Bordeaux, BORDEAUX,
France and 3 EA4576, BORDEAUX, France
The most common metabolic hallmark of malignant tumors, i.e. the so-called “Warburg effect”, is
their propensity to metabolize glucose to lactic acid at a high rate even in the presence of oxygen.
Increased glucose uptake usually reflects an increased rate of glycolysis, with conversion of glu-
cose to lactate and decreased conversion of pyruvate to acetyl-CoA, the substrate for mitochondr-
ial oxidative phosphorylation (OXPHOS). Because the dramatic reprogramming of energy metab-
olism is observed in more than 95% of advanced cancers, understanding the consequences of this
energy metabolism alteration in cell biology is of great importance. In this study we wondered
whether energy metabolism alteration affects keratinocyte responses to UVB. To this end, we changed
the balance between glycolysis and mitochondrial metabolism in favor of the latter through treat-
ment with dichloroacetate (DCA) and methyl pyruvate. Our results showed that keratinocytes treated
with DCA and methyl pyruvate 1) used preferentially mitochondrial OXPHOS for their ATP demand,
2) consumed more oxygen and 3) consumed less glucose and produced less lactate in comparison
with non-treated cells. Measurement of apoptosis indicated that treatment of keratinocytes with
DCA and methyl pyruvate reduced UVB-induced apoptosis by 40%, mainly through the reduction
of the intrinsic apoptotic pathway. Altogether these results show that energy metabolism has an
important role in the regulation of keratinocyte responses to UVB irradiation.
1280
An in vitro assay system for testing sunscreens
SA Thurstan,1 P Costello,1 CE Griffiths,1 M Bell,3 M Brown,3 NK Gibbs,1 RE Watson1 and
MJ Sherratt2 1 Dermatology Centre, The University of Manchester, Manchester, United
Kingdom, 2 Regenerative Medicine, The University of Manchester, Manchester, United
Kingdom and 3 Research & Development, Alliance-Boots, Nottingham, United Kingdom
Currently the biological efficacy of topical sunscreens is assessed by costly and time consuming in
vivo assays. We have previously shown that not only does chronic exposure to ultraviolet radiation
(UVR) induce profound changes to the ultrastructure of dermal fibrillin microfibrils but that these
UV-chromophore-rich assemblies are also susceptible to acute, physiologically attainable doses of
solar simulated radiation (SSR; 290-400nm) in vitro. Here we assess if this in vitro system is suitable
to test the efficacy of sunscreen formulations using fibrillin microfibril structure as a biomarker. Sus-
pensions of microfibrils (from photoprotected human skin) were exposed to 23.7J/cm2 SSR with: i)
no protection (SSR); ii) vehicle; iii) UVB-only sunscreen formulation (F1) or; iv) flat-spectrum sun-
screen formulation (F2). All products were coated onto a quartz plate [1mg/cm2]. Ultrastructural
changes in mean bead-to-bead distance (periodicity) and flexion angle (angle of 3 bead repeats) of
60 microfibrils from 3 individuals were measured by atomic force microscopy. Microfibril perio-
dicity was bimodally distributed following SSR exposure (peaks centred at 40nm & 59nm) but uni-
modally distributed (centred at 50nm) in unexposed controls. In contrast, this UV-induced change
in periodicity was absent in F1 and F2 populations (F1: unimodal peak, 52nm; F2: unimodal peak,
50nm). No such UV-protection was apparent when microfibrils were irradiated under vehicle (bimodal
distribution peaks centred at 43nm & 65nm). Similarly, the increase in microfibril flexibility which
followed SSR exposure (SSR, mean: 134o; unexposed control, mean: 143o) was abrogated by expo-
sure under F1 (mean: 144o) and F2 (mean: 141o) conditions. These results, which confirm our pre-
vious observations using fibronectin as a biomarker of UVR damage, demonstrate that in vitro assays
are sufficiently sensitive to act as an initial screen of sunscreen efficacy.
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Toll-like receptor-4 deficiency enhances repair of ultraviolet radiation induced DNA damage
in skin
HJ delaRosa,1 I Ahmad,1 E Simanyi,1 IA Tamimi,1 CA Elmets1,2 and N Yusuf1,2 1 Dermatology,
University of Alabama at Birmingham, Birmingham, AL and 2 Skin Disease Research Center,
University of Alabama at Birmingham, Birmingham, AL
UV (ultraviolet) B induced DNA damage in the form of cyclobutane pyrimidine dimers (CPD) plays
a critical role in development of skin cancer. When UVB induced DNA damage occurs in cells,
there is a meticulous attempt to repair it through the activation of DNA repair enzymes. Toll-like
receptors (TLR), one component of innate immunity, are intricately associated with the host immune
response. The purpose of this study was to determine whether repair of UVB-induced DNA repair
responses is regulated by toll-like receptor-4 (TLR4). TLR4 deficient and wild type (WT) mice were
subjected to a local UVB induced DNA damage regimen consisting of 90 mJ/cm2 UVB radiation.
Wild type (WT) mice exhibited significant (p<0.05) DNA damage in the form of CPD, whereas
TLR4 deficient mice developed significantly fewer CPD (p<0.05) in their skin and bone marrow
dendritic cells (BMDC). The expression of the DNA repair gene XPA (Xeroderma pigmentosum com-
plementation group A) was significantly less (p<0.05) in skin and BMDC from WT mice than TLR4
deficient mice after UVB exposure. When cytokine levels were compared in these two strains after
UVB exposure, BMDC from UV-irradiated TLR4 deficient mice produced significantly more IL-12
and IL-23 cytokines (p<0.05) than BMDC from WT mice. Addition of anti-IL-12 and anti-IL-23 anti-
bodies to BMDC from TLR4 deficient mice (prior to UVB exposure) inhibited the repair of CPD.
This was followed by a concomitant decrease in XPA expression. Furthermore, addition of a TLR4
agonist to WT BMDC cultures caused decrease in XPA expression and inhibited the repair of CPD.
Thus, strategies to inhibit TLR4 may allow us to develop immunopreventive and immunotherapeu-
tic approaches for management of UVB induced cutaneous DNA damage and skin cancer.
1282
Evidence that lower epidermal layers of human skin have an inherent resistance to UVB-
induced cyclobutane pyrimidine dimer formation
K Rankine and NK Gibbs Dermatology Centre, University of Manchester, Manchester, United
Kingdom
UVB (280-315nm) irradiation of human skin induces cyclobutane pyrimidine dimers (CPD) in epi-
dermal nuclei which initiate erythema, photoimmunosuppression, photoageing and skin cancer.
When skin is exposed to UVB in vivo, higher CPD levels are observed in nuclei of the upper epi-
dermis with reduced CPD levels in the lower layers. This gradient is traditionally explained by skin
optics and the attenuation of UVB as it passes through the epidermis. Using a novel irradiation
technique we challenge this explanation and demonstrate an inherent resistance of nuclei in the
lower epidermal layers to UVB-induced CPD that is independent of skin optics. Cryosections (10
μm) of photoprotected buttock skin from healthy subjects (n=3; Skin Type I / II) were mounted on
microscope slides and irradiated, perpendicularly from above, with UVB doses emitted from a
Phillips TL-12 source. Immediately after irradiation, cryosections were immunostained with TDM2
anti-CPD primary and fluorescent secondary, antibodies. Images were captured using a Keyence
BZ-8000 microscope and epidermal CPD staining intensity from 10-70 μm above the dermal-epi-
dermal junction (DEJ) analysed with ImageJ software. At each dose of UVB (5, 10, 20 mJ/cm2) there
was a linear gradient (R2= 0.38, 0.67, 0.77 respectively) of CPD staining through the epidermis
with CPD levels at 70 μm being approximately 50% greater than at 10 μm above the DEJ. The pro-
portionality of CPD staining to UVB dose was confirmed by linear dose responses at 10 and 70 μm
(R2= 1 and 0.99 respectively). The epidermal gradient of CPD observed in this study reflects that
reported after UVB exposure of human skin in vivo. However, by irradiating skin cryosections per-
pendicularly, we removed the influence of skin optics and all epidermal nuclei received the same
UVB dose. Our data indicates an inherent resistance of basal and supra-basal cell layers to UVB-
induced CPD and challenges the dogma that reduced CPD in the lower epidermal cell layers is
solely due to optical attenuation of UVB radiation by higher epidermal cell layers.
1283
Abnormal epidermal tight junction protein expression in polymorphic light eruption follow-
ing UVB irradiation
EJ Pond, CA O’Neill, LE Rhodes and NK Gibbs Dermatological Sciences, University of
Manchester, Manchester Academic Health Sciences Centre, Manchester, United Kingdom
Polymorphic light eruption (PLE) is the most common photodermatosis, affecting ~18% of the
European population. Its aetiology is not understood, although our recent work has shown that the
expression of the tight junction (TJ) protein, claudin-1 (CLD-1) is significantly reduced in PLE sug-
gesting that a defect in TJ formation may be involved. To elucidate this hypothesis we therefore exam-
ined other important TJ proteins: CLD-4, CLD-7, CLD-12 and occludin, in non-irradiated (NI) and
UVB irradiated skin of PLE patients (n=6) and healthy controls (n=6). Photo-protected buttock skin
was exposed to 200 mJ/cm2 UVB from a broadband Philips TL-12 source. 24h later, biopsies were
taken from NI and UVB irradiated skin and TJ protein expression levels were measured in cryosec-
tions using quantitative immunofluorescence. In contrast to the defective CLD-1 expression in PLE
skin previously reported, there were no abnormalities in CLD-4, CLD-7, CLD-12 and occludin
expression in NI PLE skin. After UVB exposure, CLD-4 and occludin expression remained unchanged
in both healthy control and PLE patients. There was a trend (n.s.) for increased CLD-7 and CLD-12
expression in healthy controls after UVB exposure. In PLE, CLD-12 expression also increased sig-
nificantly (p<0.001) after UVB exposure (30.31 ± 3.76) compared to NI (23.15 ± 1.83). In contrast,
there was a significant decrease (p<0.05) in CLD-7 expression in PLE after UVB (37.92 ± 6.12)
compared to NI (65.77 ± 8.44). These findings further suggest that TJ protein expression after UVB
exposure is abnormal in PLE and may indicate that an abnormal skin barrier response to sunlight is
involved in the aetiology of the condition.
1284
Constitutive photomorphogenic protein is involved in the UVB-induced cellular response in
human keratinocytes
B Fazekas,1 H Polyánka,2 A Bebes,1 G Tax,1 F Nagy,3 L Kemény,2,1 ÉVA Ádám3 and M Széll4,2 1
Department of Dermatology and Allergology, Faculty of Medicine, University of Szeged,
Szeged, Hungary, 2 MTA-SZTE Dermatological Research Group, University of Szeged,
Szeged, Hungary, 3 Institute of Plant Biology, Biological Research Centre of the Hungarian
Academy of Sciences, Szeged, Hungary and 4 Institute of Medical Genetic, Faculty of
Medicine, University of Szeged, Szeged, Hungary
The Constitutive Photomorphogenic Protein (COP1) was first described in Arabidopsis thaliana
(AtCOP1) and defined as a central negative regulator of photomorphogenesis: it functions as an E3
ligase and promotes ubiquitine-dependent degradation. Others have previously demonstrated that
the human orthologue of COP1 (huCOP1) is overexpressed in cancer cells and represses the p53-
dependent tumor suppression. The aim of our study is to determine the role of huCOP1 in the UVB
response of human keratinocytes. Therefore we established keratinocyte cell lines where the expres-
sion of huCOP1 was silenced. Using Western blot and immunocytochemistry we could demon-
strate significantly decreased huCOP1 protein levels in these cell lines. Next, we investigated the
proliferation profiles of the cell lines and found that one of them had a significantly reduced growth
rate, suggesting that huCOP1 silencing affected crucial growth regulatory pathways in these cells.
In the two other huCOP1 silenced cell lines we could demonstrate a decreased level of p53 expres-
sion compared to the control. Upon UVB irradiation huCOP1 expression decreased both in the con-
trol and in the huCOP1-silenced cells, but we detected an additive effect of the silencing and the
UVB irradiation on the huCOP1 expression of the cells. Parallel with this, p53 level increased in
the cells, however this induction was less pronounced in the huCOP1-silenced cells compared to
the controls. Our data suggest that huCOP1 is an important component of the cellular UVB response
and the established cell lines provide a good tool for further investigations to understand its role in
UVB induced signaling processes.
1285
Characterization of UV-B induced cellular processes in a keratinocyte cell line (HPV-KER)
immortalized with the HPV-E6 oncogene
H Polyánka,1 K Szabó,1 G Tax,2 A Göblös,2 ÁGNES Kinyó,2 V Tubak,3 Z Újfaludi,4 I Boros,4 Z Bata-
Csörgö,2 L Kemény1,2 and M Széll1 1 MTA-SZTE Dermatological Research Group, Szeged,
Hungary, 2 Department of Dermatology and Allergology, University of Szeged, Szeged,
Hungary, 3 Institute of Genetics, Biological Research Centre, Hungarian Academy of Sciences,
Szeged, Hungary and 4 Department of Biochemistry and Molecular Biology, University of
Szeged, Szeged, Hungary
One of the important functions of human skin cells is to protect the organism from the effects of
UV-B radiation. Normal human keratinocytes (NHK) are widely used to study the UV-B response
but they have restricted availability and a short lifespan in culture. The HaCaT cell line has been
considered as a reliable substitute for primary cultures, however these cells exhibit limitations for
some applications. Our aim was to find a valid and easy to use in vitro system in order to study UV-
B responses of human keratinocytes. In our work we compared the stress-induced processes of NHK,
HaCaT, and a newly established keratinocyte cell line, the HPV-KER. We used MTT assay and a real-
time cellular analysis system (xCELLigence) to detect the effects of UV-B radiation on the viability
and proliferation of these cells. We found that the viability and proliferation of HPV-KER cells resem-
bled that of NHKs, while HaCaT cells exhibited gross differences. This is possibly due to the fact
that the basal p53 expression is low in HPV-KER cells, and can be induced by UV-B, similar to NHKs,
while HaCaT cells express a constitutively high basal level of p53. In order to understand the dif-
ferential UV-B responses in these cells we are currently comparing the UV-B induced expressions
of known target genes (IL-1, IL-8, TNFA, COX2) in these different cell types. Our data suggest that
HPV-KER cells, unlike HaCaT cells, show similar characteristics in their UV-B response as NHKs,
therefore they may provide a suitable in vitro model for studying keratinocyte UV-B responses.
1286
UVB-induced p53 mutations are associated with enhanced tumor formation in CHOP/gadd153
knockout mouse skin
S Anand,1,2 KR Rollakanti,1 N Brankov1 and EV Maytin2,1 1 Biomedical Engineering, Cleveland
Clinic, Cleveland, OH and 2 Dermatology, Cleveland Clinic, Cleveland, OH
The CCAAT Enhancer Binding Proteins (C/EBPs) are leucine zipper transcription factors that regu-
late development, differentiation, and metabolism in a variety of cells. Involvement of C/EBPα and
C/EBPβ has also been described in cancer. Here we investigated one of the newest C/EBP family
members, called CHOP (C/EBP Homologous Protein, also known as C/EBPζ, gadd153 or ddit3) for
its possible role in carcinogenesis. CHOP knockout mice (CHOP KO), along with CHOP heterozygous
and wild type (WT) mice, were exposed to UVB (progressively increasing doses up to 175 mJ/cm2
UVB, 3 times a week for 20 weeks). At week 25, the number and size of tumors were significantly
higher in CHOP KO than in WT controls. Heterozygous mice had an intermediate response. Since
p53 activation and mutation by UVB are a major cause of skin cancer, we focused on involvement
of the p53 pathway. Levels of p53, its negative regulator MDM2, and downstream target p21, were
analyzed immunohistologically in tumor sections. Upregulation of p53 was seen in tumors from
both CHOP KO and WT mice, but in CHOP KO tumors the majority of p53 was mutated (pAb240).
Concurrently, p21 and MDM2 levels were reduced in the CHOP KO tumors, indicating a defect in
cell cycle check point control. To study short-term effects of UVB that might contribute to this phe-
notype, mice were exposed to UVB and the skin harvested at different times between 0.5 and 72
hours. A decrease in apoptosis (as measured by H&E, TUNEL and Caspase-3 cleavage) was observed
in CHOP KO relative to WT skin. Also, an overall increase was observed in the number of hair fol-
licles in unperturbed CHOP KO as compared to WT skin. Each of these findings, i.e. enhanced p53
mutations, decreased apoptosis, and increased hair follicle density, could theoretically contribute
to enhanced tumorigenesis in CHOP KO skin. Our results indicate that in addition to its well-estab-
lished role in apoptosis and ER stress, CHOP plays an important role in skin carcinogenesis.
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The effect of repair mechanisms on risk of DNA damage during in vivo two-photon skin
imaging
D Haluszka,1 K Lorincz,1 A Banvolgyi,1 N Gyongyosi,1 A Kolonics,2,3 R Szipocs,2,3 S Karpati1 and
N Wikonkal1 1 Department of Dermatology, Dermatooncology and Venerology, Semmelweis
University, Budapest, Hungary, 2 Institute for Solid State Physics and Optics of Wigner RCP,
Budapest, Hungary and 3 R&D Ultrafast Lasers Kft., Budapest, Hungary
Two-photon excitation fluorescence microscopy is a novel system for monitoring the morphology
and physiological processes in the skin. The near infrared laser light (650-1300 nm) allows imag-
ing of deeper layers of the skin down to 500-1000 μm. The epidermis and dermis contain numer-
ous endogenous chromophores, such as NADH, melanin, collagen, elastin, that can be efficiently
excited in the near infrared spectral range by two-photon absorption. Due to the different localiza-
tion, excitation and emission wavelenghts of these chromophores, they are highly distinguishable.
Beside the risk of thermal damage, the major damage mechanism during imaging is associated
with the formation of cyclobutane pyrimidin dimers (CPD) due to multi-photon excitation of chro-
mophores. In our work, we investigated the in vivo safety risk of different laser sources on murine
ear skin as the function of time delay after the laser irradiation. The samples were exposed by var-
ious types of lasers beam irradiation, then DNA damage was evaluated using fluorescent antibody
against cyclobutane pyrimidin dimers. The imaging system and the laser setup (focused spot size,
average power, pulse duration, pixel dwell time, repetition rate) were also optimized for minimun
DNA damage, wich paves the road for safe diagnostic applications of in vivo two-photon microscopy.
1289
Tanning beds use and skin cancer biomarkers – a pilot study
S Rubina,1 WL Camp,1 J Hermann,1 W Cantrell,1 AB Cantor,3 M Athar1,2 and CA Elmets1,2,4 1
Dermatology, UAB, Birmingham, AL, 2 SDRC, UAB, Birmingham, AL, 3 Division of Preventive
Medicine, UAB, Birmingham, AL and 4 Birmingham VA Medical Center, Birmingham, AL
Each year, more than 170,000 cases of non-melanoma skin cancers (NMSC) are attributed to indoor
tanning in the U.S. Recent epidemiologic studies have found a statistically significant association
between exposure to indoor tanning and NMSC. In this population, a 67% risk for squamous cell
carcinoma and a 29% risk for basal cell carcinoma were observed. The purpose of this study was
to examine molecular biomarkers associated with NMSC in the skin of indoor tanners. The study
recruited 35 caucasian individuals, both male and female; 30 of these were a mix of regular and
irregular indoor tanners. Five sun-bathers who had never tanned indoors were also enrolled. Skin
biopsies were performed from exposed and unexposed areas of skin and were evaluated with
immunohistochemical and immunofluorescence techniques for the expression of cyclobutane pyrim-
idine dimers (CPD), sunburn / apoptotic cells, TUNEL, p53, PCNA, cyclin D1 and Bcl2.A signifi-
cant increase in the expression levels of CPDs, sunburn / apoptotic cells, TUNEL-positive cells,
p53, and cyclin D1(p-value <0.0001) was observed in tanning bed exposed compared to unexposed
skin. Expression levels of these biomarkers in the indoor tanners were as extensive as those in sun
exposed groups. Various demographic variables such as age, hair color, eye color, age at first tan-
ning, average number of tanning bed exposures/month, percentage use of tanning in the enrolled
tanning bed population in terms of differences in biomarkers. No significant correlation could be
established in these analyses, indicating that they were not confounding variables. However, there
was a direct correlation between the number of sunburn /apoptotic cells and the age of the indoor
tanners (p-value- 0.0031). Our data suggests that p53 and CPD can be used as reliable biomarkers
to access the extent of photodamage in indoor tanners, the results of which can then be extrapo-
lated to estimate the risk of developing NMSCs in tanners.
1291
Accelerated photoaging during photochemotherapy in animals deficient for MnSOD in their
epidermis
A Bánvölgyi,1 K Lorincz,1 D Haluszka,1 N Gyöngyösi,1 M Wlaschek,2 K Scharffetter-Kochanek,2
S Kárpáti1 and N Wikonkál1 1 Department of Dermatology, Venerology and Skin Oncology,
Semmelweis University, Budapest, Hungary and 2 Department of Dermatology, University of
Ulm, Ulm, Germany
Manganese superoxide dismutase is a mitochondrial enzyme which is vital in elimination of reac-
tive oxygen species. Therefore, the complete lack of this enzyme is lethal in animal models. How-
ever, mice with partial or complete deficiency in particular tissues are viable, yet the loss of enzyme
function leads to premature senescence and severely altered function of the particular organ. In our
experiments, we investigated the effects of extensive PUVA therapy on 23 epidermally homozy-
gous (-/-) MnSOD knockout mice. 18 hairless mice with normal enzyme activity were used as a
controls. We aimed to observe differences in photoaging of the two groups as a result of increased
oxidative stress. Photochemotherapy with clinically relevant doses were given to the animals after
which skin changes and thickening were measured both in UV exposed and protected areas. Skin
samples were taken for histological and multiphoton- laser microscopic analysis. Wrinkling and
epidermal thickening were measured and statistically compered among animals with various geno-
types. According to our results the degree of wrinkling and thickening of the skin were significantly
higher in MnSOD deficient mice. Histologic and laser microscopic analyses verified our clinical
findings, both techniques revealed the presence of achantotic epidermis and destructed collagen
structures in knockout mice. Our results show that MnSOD is necessary to protect skin against
increased oxidative stress. When MnSOD function is lacking in the epidermis the photoaging process
is markedly aggravated and accelerated.
1290
The UVR-induced up-regulation of Hsp70 is modulated by melatonin in human cultured ker-
atinocytes and ex vivo full thickness skin
K Kleszczynski,1 S Zwicker,2 S Tukaj,1 D Zillikens,1 M Kasperkiewicz,1 R Wolf2 and TW Fischer1
1 Department of Dermatology, University of Lubeck, Lubeck, Germany and 2 Department of
Dermatology, Ludwig-Maximilian University, Munich, Germany
Ultraviolet radiation (UVR) induces oxidative stress in human skin and is significantly counteracted
by melatonin via the melatoninergic antioxidative system of the skin. Besides oxidative stress, heat
shock protein 70 (Hsp70) is another prominent stress protein induced by UVR and is highly expressed
in human keratinocytes. Here, we evaluated the potent protective effect of melatonin regarding
UVR-mediated modulation of Hsp70 in human normal keratinocytes and ex vivo full-thickness
skin organ culture at UV doses of 0 and 50 mJ/cm2 (cell culture) and 0, 100, 300 mJ/cm2 (full skin)
in a time-dependent manner (0, 24, 48 h post-UVR). Hsp70 gene expression (real-time PCR) increased
directly (0 h) in human skin after UVR at the dose of 100 mJ/cm2 and 300 mJ/cm2 by 2.50- and
3.30-fold (p<0.001), respectively and was further up-regulated up to 48 h. Melatonin significantly
prevented Hsp70 up-regulation by 43 % and 45 % at the dose of 100 mJ/cm2 and 300 mJ/cm2,
respectively. Gene expression analysis corresponded to Hsp70 protein levels in skin lysates (ELISA)
and human skin sections (immunofluorescence labeling). Comparative analysis in normal human
keratinocytes irradiated with UVR (50 mJ/cm2) in combination with silencing of Hsp70 gene showed
the prominent impact of pro-inflammatory cytokines (IL-1β, IL-6, Casp-1) and pro-apoptotic pro-
tein (Casp-3). These results show, to the best of the authors’ knowledge, for the first time the mod-
ulatory interaction of melatonin and Hsp70 towards anti-oxidative and anti-inflammatory mecha-
nisms in UVR-induced stress in human keratinocytes and full thickness skin, thus indicating a potential
relevance for clinical photodermatology.
1288
Ultraviolet B (UVB) radiation-mediated loss of p38αmitogen-activated protein kinase (MAPK)
facilitates oxidative stress and drives skin tumorigenesis
AL Kim,1 L Liu,1 HR Rezvani,2 W Mahfouf,2 M Athar3 and DR Bickers1 1 Dermatology, Columbia
University, New York, NY, 2 INSERM U1035 Université Bordeaux, Bordeaux, France and 3
Dermatology, University of Alabama at Birmingham, Birmingham, AL
p38α MAPK is expressed in epidermal cells and has been shown to possess tumor suppressor activ-
ity in several other tissues. p38α MAPK is also known to promote apoptosis of UVB-damaged ker-
atinocytes via p53-independent mechanisms but its role in UV-induced skin carcinogenesis is unclear.
We assessed the effects of UVB on p38α MAPK in normal human epidermal keratinocytes (NHEK)
and human squamous cell carcinoma (SCC) cells lacking functional p53, and its role in UV-induced
SCC tumorigenesis. UVB-irradiation of NHEK at doses of 10-20 mJ/cm2 increased p38α MAPK lev-
els 4-6 fold as assessed by qPCR whereas higher UVB doses showed diminishing effects. In con-
trast, UVB irradiation of SCC cells reduced p38α MAPK expression irrespective of the dose. UVB
radiation is a potent carcinogen, induces DNA damage and generates reactive oxygen species (ROS),
which can drive the growth of cancer cells. In SCC cells, the UVB-mediated decrease in p38αMAPK
expression correlated with increased levels of NAPDH oxidases NOX1 and NOX2 as well as intra-
cellular ROS, suggesting that diminished p38αMAPK may be a critical driver of SCC growth. Chem-
ical inhibition of p38α MAPK with SB203580 in SCC cells increased proliferation that was associ-
ated with upregulation of major cell cycle regulators, including cyclin D1, and activated JNK signaling.
Similarly, p38α MAPK knockdown elevated ROS levels and increased SCC cell growth and in vitro
invasiveness. Next we used our animal model for cutaneous SCCs (p53-/-/SKH-1 mice) to assess
the effects of combined treatment with SB203580 and chronic UVB irradiation. Expression of NAPDH
oxidases and intracellular ROS levels were up-regulated in UVB-irradiated SCCs suggesting that
p38α MAPK may regulate ROS production. Since SCCs are known to manifest decreased p38α
MAPK as compared to non-tumor skin, our results indicate that p38α MAPK loss contributes to the
growth of SCCs in vivo.
1292
Abnormal responses to UV-induced DNA damage in Merkel cell carcinoma
S Hsu,1,2 K Ona-Vu2,1 and DH Oh1,2 1 Department of Dermatology, University of California,
San Francisco, San Francisco, CA and 2 Dermatology Research Unity, VA Medical Center, San
Francisco, CA
Merkel cell carcinoma (MCC) is a rare skin cancer frequently associated with the Merkel cell poly-
omavirus (MCV). The mechanisms by which the virus leads to cancer are unclear, but the pho-
todistributed nature of the cancer suggests that responses to ultraviolet (UV) radiation are impor-
tant. We investigated two important responses to UV-induced DNA damage — nucleotide excision
repair (NER) and cell cycle arrest — in five Merkel cell carcinoma cell lines. Of the three cell lines
that were uninfected with virus, UISO was functionally normal while MCC13 and MCC26 exhib-
ited evidence of p53 dysfunction as assessed by absent or reduced downstream activation of p21
and by expression of the p53-targeted NER genes, XPC and DDB2. MCC13 and MCC26 were cor-
respondingly markedly defective in both NER of cyclobutane pyrimidine dimers and G1 cell cycle
arrest following 10 J/m2 UV-C. Cell lines infected with MCV (MKL-1 and MS-1) were similarly defec-
tive in NER and cell cycle arrest that were associated with reduced aberrant p53 levels, as well as
reduced p21 and DDB2 levels both at baseline and following UV. To test the role of p53, we treated
the uninfected cell line, UISO, whose functional responses to UV are intact, with lentivirus encod-
ing shRNA against p53, resulting in near total knockdown of the p53 protein. Following UV-induced
DNA damage, these cells recapitulated the functional NER and cell cycle defects observed in the
other Merkel cell carcinoma cell lines. These results suggest that Merkel cell carcinoma cells, whether
infected or not with Merkel cell polyomavirus, are often defective in key common mechanisms that
protect genomic stability following UV. In addition, p53 is a key regulator of UV responses that
may be dysfunctional in Merkel cell carcinoma cells.
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p63 regulates repair of UV-induced DNA damage in epidermal keratinocytes and squamous
cell carcinoma cells
K Ona-Vu1,2 and DH Oh1,2 1 Dermatology Research Unit, VA Medical Center, San Francisco,
CA and 2 Department of Dermatology, University of California, San Francisco, San Francisco,
CA
Unlike many cell types, epidermal keratinocytes’ ability to repair UV-induced DNA damage is inde-
pendent of the presence of the p53 tumor suppressor, consistent with the absence of non-melanoma
skin cancers in Li-Fraumeni syndrome. Instead, evidence from our lab and others have suggested
that p63 may play a key role in nucleotide excision repair of UV-induced DNA photoproducts in
both normal epidermal keratinocytes as well as in immortalized keratinocytes. To further test this
hypothesis, we examined cultured normal human epidermal keratinocytes treated with siRNAs tar-
geting specific N-terminal p63 isoforms. Relative to non-targeting controls, loss of the ΔNp63 iso-
form reduced baseline and UV-induced levels of the XPC protein (which participates in DNA dam-
age recognition in nucleotide excision repair) by 50%. Loss of ΔNp63 correspondingly reduced the
kinetics of global repair of cyclobutane pyrimidine dimers by 30% at 24 hours following 10 J/m2
UV-C. Complementing these results, over-expression of ΔNp63 using adenoviral vectors encoding
ΔNp63 cDNA increased XPC levels in normal human keratinocytes relative to empty vector con-
trols. We also examined squamous cell carcinoma cell lines and find that those with impaired
nucleotide excision repair kinetics are defective in both p53 and p63 whereas one line, SCC25,
had undetectable p53 levels yet maintained normal p63 and XPC levels and global genomic repair
kinetics. shRNA-mediated loss of p63 in SCC25 cells reduced levels of XPC and it’s heterodimeric
binding partner, Rad23, by 50% relative to non-targeting controls. These results suggest that p63
regulates global nucleotide excision repair of UV photoproducts in both normal and malignant ker-
atinocytes, and likely has overlapping functions with p53 in maintaining genomic stability follow-
ing photo-induced DNA damage.
1294
Encapsulated retinol and RA are equally effective at decreasing UV-damage
RC Mehta,1 VL Vega,1 MA Bachelor,2 J Oldach2 and A Armento2 1 Research and Development,
SkinMedica, Carlsbad, CA and 2 MatTek Cooporation, Ashland, MA
Solar ultraviolet light damages skin resulting in photoaging which superimposed on chronological
aging resulting in worsening of skin appearance. The extent of sun damage is proportional to the
amount/time of UV-light exposure triggering visible changes such as dryness, rough texture, irreg-
ular pigmentation, telangiectasia, plaque-like thickening, deep creases and fine wrinkles. Both epi-
dermis and dermis are affected. The mechanisms linked to photoaging have been extensively stud-
ied indicating that oxidative stress plays a critical role. Vitamin A derivates (retinoids) are the gold
standard for the treatment of photoaged skin. To exert their biological actions, retinoids must be
converted into the active form, retinoid acid (RA). Skin irritation is a major issue associated with
topical retinoids decreasing patient compliance. Long term usage of prescription RA is associated
with adverse events such as hyperotosis, inflammatory bowel disease, keloids, and decreased night
vision. Thus, to improve patient compliance without compromising efficacy we have developed a
formulation that contains encapsulated retinol (ECRe, 0.5%) in the presence of free antioxidants. In
this study we compared the effects of ECRe with generic RA (0.05%) on simulated UV-treated skin.
EpiDermFT™ tissues were produced in the MatTek Corporation and subjected or not to SS-UV-light
radiation (200 mJ/cm2, 23 min). Immediately after UV-exposure, tissues were treated with ECRe or
RA and allowed to recover (24 h). Total mRNA was isolated and gene expression was analyzed by
qPCR. We observed that both formulations are able to induce COL1A1, COL3A1, ELN, LOXL1 and
MFAP2 mRNA levels. Interestingly, ECRe treatment results in a higher induction of SOD1 mRNA
and a MMP-1/TIMP-1 ratio that does not differ from those observed in non-radiated tissues. Taken
together these data demonstrate that extracellular matrix components are equally induced by ECRe
and RA in EpiDermFT™ tissues. Induction of these ECM components may help to prevent damage
resulting from photoaging.
1295
In vivo siRNA targeting of CD28 enhances expression of nucleotide excision repair genes
and diminishes DNA damage, hyperplasia, and inflammation induced by UV radiation
TP Singh and P Wolf Dermatology, Medical University of Graz, Graz, Austria
CD80/CD86-CD28/CD152 signaling plays an important role in immune regulation of photo-car-
cinogenesis. Here we have targeted CD28 in order to study the individual role of this T cell stimu-
latory molecule in UVB-induced skin alterations. In vivo CD28 knockdown by intraperitoneal injec-
tion of CD28 siRNA diminished sunburn cell and cyclobutane pyrimidine (thymine) dimer formation
in the skin of mice. This was linked to the induction of several nucleotide excision repair genes,
including Xpa, Xpc, Slk, and Rad23a. The expression of apoptosis-related genes was also affected,
including the master gene P53 which was up-regulated in CD28-targeted mice compared to con-
trol siRNA-treated mice, suggesting P53 dependent activation of DNA repair. In addition, targeting
CD28 also reduced epidermal hyperplasia and downregulated COX2, IL-6 IL-17A, and IL-10 in the
skin, and decreased the population of CD4+CD25+ T cells in the lymph nodes of UVB-exposed
mice. Taken together, this indicates that CD28 signaling may play an important role in skin car-
cinogenesis by preserving UVB-induced DNA damage, epidermal hyperplasia, and inflammation.
1296
TNFα blockade in vivo abolishes UVB-induced recruitment of neutrophils and macrophages
to skin, expression of MMP8 and MPO, but not MMP1a or collagen fragmentation
MR Sharma1,2 and VP Werth1,2 1 Univ. of Pennsylvania, Philadelphia, PA and 2 Philadelphia
VAMC, Philadelphia, PA
The acute UVB-induced inflammatory response in skin is characterized by erythema, TNFα induc-
tion, and dermal inflammatory cell infiltrates. These inflammatory cells may be the source of MMPs
that degrade collagen, causing cutaneous damage. Here, we tested the hypothesis that TNFα block-
ade would prevent UVB-induced recruitment of inflammatory cells and hence protect against col-
lagen degradation. For 4 days, female C57BL/6J mice were treated with murine etanercept (TNFα
blocker, 4mg/kg/day) or saline, followed 1h later by UVB (100 mJ/cm2/day) or sham irradiation. On
the 5th day, mice were sacrificed 3h after the last irradiation. By immunohistochemistry, UVB
increased dermal macrophages (9.56 ± 0.90 cells/hpf vs. 1.56±0.6 sham, p<0.001) and neutrophils
(91.55±16.23 vs 0±0 sham n=6, p<0.001). Importantly, etanercept nearly completely blocked UVB-
induced recruitment of neutrophils (12.55±5.23, p<0.001) and macrophages (0.56±0.28, p<0.001).
Staining of neutrophil-derived enzymes MMP8 (neutrophil collagenase) and myeloperoxidase (MPO)
was increased in dermis of mice treated with UVB only. Etanercept also significantly lowered MMP13
levels in skin from UVB-irradiated mice (30%, p<0.05). Our immunoblots showed that another
collagenase, MMP-1a, was induced by UVB (0.86±0.02 UVB vs. 0.35±0.07 sham; p <0.01) but this
increase was not inhibited by etanercept. UVB increased fragmentation of 210 kDa size unfrag-
mented collagen compared to sham-irradiated controls. Etanercept treatment did not inhibit UVB-
induced collagen fragmentation. In summary, these results indicate that blockade of TNFα strongly
inhibits UVB-induced recruitment of inflammatory cells to skin and the accumulation of MMP8,
MPO, and to a lesser extent MMP13. Nevertheless, residual MMP13, MMP1a, and possibly other
proteases were sufficient to fragment dermal collagen in UVB + Etanercept treated mice. The sources
of these enzymes may be key to preventing UVB-induced cutaneous damage.
1297
Functional protein pathway activation mapping of normal skin exposed to solar simulated
light
JG Einspahr,1 C Curiel-Lewandrowski,1 EF Petricoin,2 Y Bermudez,1 C Hu,1 DS Alberts,1
GT Bowden,1 K Saboda,1 V Calvert,2 L Liotta2 and SP Stratton1 1 Arizona Cancer Center,
University of Arizona, Tucson, AZ and 2 Applied Proteomics and Molecular Medicine, George
Mason University, Manassas, VA
The study of acute exposure to ultraviolet light (UV) is essential to understand the critical cell sig-
naling alterations that occur during the progression from normal skin to SCC. Sun protected skin
from 25 individuals were exposed to solar simulated light (SSL) at 2, 2.5 and 3x the minimal ery-
thema dose (MED). Biopsies were taken prior to, at 5 min, 1 hr, 5 hr, and 24 hr post-SSL. Biopsies
were evaluated by Reverse Phase Protein Microarray (RPMA) with analysis of 128 antibodies against
total and phosphorylated proteins chosen based on previously seen alterations seen in mouse and
human skin after UV exposure. Sixty-one proteins showed statistically significant expression in at
least 1 time point after adjustment for multiple testing and comparisons. Pathway activation map-
ping of proteins showing statistically significant differences over time by RPMA revealed modula-
tion of components within the MAPK-ERK, EGFR, PI3K-Akt-mTOR, and apoptotic signaling path-
ways. Immunohistochemistry showed that expression of p-mTOR (Ser2448) increased significantly
over time peaking at 24 hr (3-fold compared to baseline). Increased p-4E-BP1 (Thr37/46) (2-fold),
COX-2 (12-fold), and cleaved caspase 3 (7-fold) were seen at 24 hrs. P-S6 ribosomal protein
(Ser235/236) was significantly increased at 1 hr (3-fold), 5 hr (7-fold), and 24 hr (10-fold). P-ERK1/2
(Thr202/Tyr204) expression was increased 4-fold at 1 hr, 5-fold at 5 hr and 6-fold at 24 hr. P-p38
(Thr180/Tyr182) expression was increased 3-fold at both 1 and 5 hr and 2-fold at 24 hr. P-histone
H3 (Ser10) was significantly increased at 5 min (2-fold), 1 hr (6-fold), 5 hr (20-fold), and 24 hr (7-
fold). Data show that pathway activation mapping of both acute SSL and ultimately chronically
exposed skin may reveal interconnected network pathways that may provide targets for potential
chemoprevention and therapeutic applications.
1298
Protection and repair of skin damage from environmental aggressors
S Chen, J Idkowiak-Baldys, J DiMaria, T Jacob and U Santhanam Cell Biology & In Vitro
Toxicology, Avon Products, Inc., Suffern, NY
There is an increasing awareness that environmental factors, such as UV radiation, cigarette smoke,
smog, pollution and extreme temperatures, have negative impacts on skin and lead to premature
aging. The molecular mechanisms underlying this aging effect remain uncertain. Previous studies
showed that one of the negative actions from UV radiation and smoke was to produce oxidative
damage. Here, we show that each of the aggressors studied, including extreme temperatures and
environmental pollution, can produce free radicals and cause oxidative damage in skin cells and
in 3D skin equivalent as measured by TBARS assay. In order to protect skin from oxidative damage
and/or provide a greater repair potential, we initiated a screening program to identify ingredients
that act against environmental aggressors in skin, and potentially have a positive impact on the visual
appearance of prematurely aged skin. In the present study, we report on the identification of sev-
eral novel ingredients that can prevent and/or repair damage caused by environmental aggressors
in skin cells and in 3D skin equivalent in vitro. Treatment with combinations of these novel cos-
metic actives can counteract and/or repair skin cell damage induced by environmental aggressors
in vitro.
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Reduction of UVA-induced oxidative stress via regulation of catalase - a novel photoprotec-
tive mechanism of α-melanocyte-stimulating hormone in cutaneous biology
M Böhm,1 A Stegemann,1 A Mastrofrancesco,1,2 M Picardo,2 Z Abdel-Malek3 and TA Luger1 1
Department of Dermatology, University of Münster, Münster, Germany, 2 San Gallicano
Dermatological Institute, Rome, Italy and 3 Department of Dermatology, University of
Cincinnati, Cincinnati, OH
Ultraviolet light A (UVA) is a key pathogenetic factor in cutaneous photoaging. We hypothesized
that α-melanocyte-stimulating hormone (α-MSH), which previously was shown to reduce UVB-
induced DNA damage, may exhibit anti-oxidative effects in human dermal fibroblasts (HDFs) exposed
to UVA. We also speculated that photoaging would be increased in red haired pale skin individu-
als carrying loss of function mutations of the melanocortin-1 receptor (MC1R). HDFs pretreated with
α-MSH exhibited significantly reduced intracellular amounts of ROS after UVA exposure. The type
of the detected oxidative stress in response to UVA treatment was mainly H2O2 within the cyto-
plasm as determined by organelle-specific fluoroprobes, incubation with cell-permeable superox-
ide dismutase, and exogenous catalase. Importantly, a functional MC1R was essential for the sup-
pressive effect of α-MSH on UVA-induced oxidative stress in HDFs. Agouti signaling protein, a
natural MC1R antagonist, blocked the protective effect of α-MSH. Accordingly, HDFs carrying loss
of function mutations of MC1R (R151C or R160W) displayed increased basal levels of intracellular
H2O2 and failed to respond to α-MSH. Importantly, the effect of α-MSH on UVA-induced oxida-
tive stress was paralleled with reduced expression of both MMP1 and 3, key enzymes of dermal
photoaging. To finally identify the molecular mechanism by which α-MSH exerts its UVA-photo-
protective effect, we performed gene knock-down of catalase. siRNA of catalase completely abro-
gated the suppressive effect of α-MSH on UVA-mediated accumulation of hydrogen peroxide in
HDF. In support of this, α-MSH increased enzyme activity but not mRNA and protein expression
of catalase in a time- and dose-dependent manner. In summary, these findings add a novel twist to
our current understanding how the cutaneous UVA response is regulated by the α-MSH/MC1R sys-
tem.
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